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PREFACE. 



Daihel Webster, in his Autobiography, speaks thus of his entering 
upon the study o.f law: "I was put to study in the old way — that is, the 
hardest books first — and lost much time. I read Coke on Littleton through 
without underatanding a quarter of it. Happening to take up Espinasse's 
Law of Nisi Prins, I found I could understand it ; and arguing that the 
object of reading was to understand what was written, I laid down the 
venerable Coke et alios similes reverendos^ and kept company for a time 
with Mr. Espinasse and others, the most plain, easy, and intelligible writers. 
A boy of twenty, with no previous knowledge on such subjects, cannot 
understand Coke. It is folly to set him on such an author. There are 
propositions in Coke so abstract, and distinctions so nice, and doctrines 
embracing so many conditions and qualifications, that it requires an effort 
not only of a mature mind, but of a mind both strong and mature, to nn- 
'lerstand him. Why disgust and discourage a boy by telling him that he 
' nust break into his profession through such a wall ns this ? I renlly often 
Jespaired. I thought that I never could make myself a lawyer, and was 
almost going back to the business of school-keeping. Mr. Espinasse, how- 
ever, helped me out of this in the way that I have mentioned, and I have 
always felt greatly obliged to him." 

Here is most graphically depicted a defect which is now, as it was then, 
very prominent in all departments of education. It is even more so in 
early education than in that of the college and the professional school. Even 
in tender childhood pupils are put to studying books of which, as was true 
of Webster with his Coke on Littleton, they do not understand **a quarter 
part." If the rule is not *'the hardest books first," there are many things 
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in the books that it is not only hard but impossible for them to understand. 
And the hardest things are often put fii*st. For example, in a very popu- 
lar piimary geogi'aphy which lies before me the pupil is introduced to the 
world and its grand divisions at the outset, while he is taught about his 
own state and countiy only at the conclusion of the book. And this un- 
natural mode is the one very commonly pursued. Similar criticism can 
be passed upon most of the books used in teaching young children. Some 
of them are wholly useless. This is true of the grammars for primary 
schools. The formal statements, called the rules of grammar, are beyond 
the understanding of very young scholars, and therefore are useless bur- 
dens upon their memories. They are as useless to them as the three 
fourths of Coke which Webster could not understand was to him. 

If we follow education upward from the primary school we find the same 
defect throughout the whole course. In the books which are used in teach- 
ing natural science it is especially prominent. Even in the elementary 
books, or compendiuras, so called, formal propositions and technical teims 
render the study uninviting, and to a great extent unintelligible. The 
pupil is apt to be disgusted and discouraged, as Webster was with Coke on 
Littleton, and for the same reason. 

Another defect intimately connected with that of which I have spoken is 
the very sparing and late introduction of the physical sciences. They are 
generally postponed to the latter part of the course of education, and then 
but little time is devoted to them. Generally, when a pupil designs to go 
through college, the study of these sciences is wholly neglected in his prep- 
aration, because a knowledge of them is not required for admission. Then 
in the college they are not attended to till the latter part of the course, and 
in the short time allotted to them there is so much to be learned that the 
teaching of them is a failure. Especially is this true of Chemistry and 
Geology. 

This defect is a radical one. A thorough change should be effected in 
this respect in the whole course of education. The natural sciences should 
be made prominent from the beginning to the end, not only because they 
are of practical value, but also because they are as useful in their way for 
mental discipline as the study of mathematics and of language. They can 
be taught to some little extent to the youngest pupils. There are facts 
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aboDt air, water, and the various objects that they see around them, which 
they can understand if they be presented in the right manner. And the 
busy inquiries which they make afker the reasons of the facts, and their 
appreciation of them if stated simply and without technical terms, show 
the appropriateness of such teaching. Children are really very good phi- 
losophers in their way. They have great activity not only of their percep- 
tive but of their reasoning faculties also, to which due range should be 
given in their education. 

Beginning thus, not a year should pass during the whole course when 
the pupil shall not be engaged in studying some one of the physical sciences 
to some extent. This continued attention to such studies in a reason- 
able amount, so far from interfering with the due prosecution of the other 
studies deemed so essential, will so promote the pupiVs advance in them as to 
more than make up for the time that is taken from them. It will do this not 
only by the genial influence which such studies exert upon the mind, but 
by the contributions which they make to the knowledge of language and 
mathematics; for language is largely built up from natural objects and from 
the acquisitions of science, and there is an abundance of interesting appli- 
cations of portions of the mathematics in the facts which the physical sci- 
ences develop to us. 

I have said that the teaching of the natural sciences in our colleges is 
generally a failure, and it always will be so as long ns the present plan is 
continued. In order to have it successful there must be the same gradation 
in teaching them that we have in teaching language aud the mathematics. 
The college student needs to be prepared for .the lectures which he hears 
on natural philosophy, chemistry, etc., and for his study of those branches, 
by previous familiarity with the simpler portions of them acquired in the 
school-room. 

There is another very important reason for the early introduction of the 
physical sciences into education. By far the larger portion of pupils in 
our schools stop short of the college, or jsven the academy and high-school. 
That they should go forth into the world with no knowledge of the princi- 
ples that lie at the bnsis of the arts in which so many of them are to engage 
is a shame and a wrong, if the comjnunication of such knowledge be indeed 
practicable, as it undoubtedly is. Even those who are not to engage in 
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these aits will be greatly benefited by this knowledge, becanse in addition 
to its constant practical applications in the management of life, it will con- 
tribnte to their mental power, and, what is no small consideration, to their 
enjoyment; and it is, in fact, requisite to constitute them well-informed 
persons. 

If the views which I have presented be correct, there should be a series 
of books on the natural sciences carefully adapted to the different periods 
of the course of study. Those intended for the young beginner should be 
exceedingly simple, and should not attempt to present anything like a full 
view of the subjects treated. They should deal largely with familiar facts 
or phenomena. The terminology of science and formal statements of prin- 
ciples, such as we often see in sO-called compendiums, should have no place 
in them, but should be gradually introduced as the series advances, and 
should be made complete only in the concluding books. 

It has been the object of the author to supply a part of such a series. 
The first book in the series is the '^ Child's Book of Common Things," 
intended to teach the observation of familiar facts, or, in other words, the 
beginnings of philosophy, to children as soon as they have got well started 
in reading. Next comes the " Child*s Book of Nature," which in its three 
parts (Part I., Plants; Part II., Animals; Part III., Air, Water, Light, 
Heat, etc.) extends considerably the knowledge of the philosophy of things 
which the child has obtained from the first book in the series. Then follows 
^he "First Book in Chemistry." On a level with this is my "First Book 
in Physiology." The next step in the gradation brings us to three books 
under one title, "Science for the School and the Family;" Part I., Nat- 
ural Philosophy; Part II., Chemistry ; Part III., Mineralogy and Geology. 
On a level with these is another book, "Natural History," and on another 
still is to be written an "Introduction to Botany." 

The three books, of which the present is one, are intended for the older 
scholars in what are commonly called grammar-schools. At the snme time 
they are suited to scholars who are advanced to a higher grade who have 
not gone through the previous books of the series. The preparation of 
nooks especially adapted to high-schools and colleges I have left to others, 
except in one branch of science, Physiologj^ on which I some years ago 
published a work entitled "Human Physiology." 
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All of these books are from the press of Harper & Brothers except the 
two works on Physiology, published by Sheldon & Co., New York, nnd the 
*' Child's Book of Common Things," pubHshed by Peck, White, & Peck, 
New Haven. 

The general plan and style of these books are very different from what 
we see in most of the books for schools on the same subjects. The order 
of the subjects and the mode of developing them differ from the stereotype 
plan which has so generally been adopted. One prominent feature is the 
free use of illustrations from /awitViar phenomena. This leads the pupil to 
reason or philosophize about common things, thus giving an eminently prac- 
tical character to his knowledge. At the same time it makes the books 
snitable for use in the family as well as the school, between which there 
should be more common ground than the present mode of education allows. 

The style which I have chosen for all the books I have written for use 
in teaching is what may be called the lecture style. There are three other 
kinds of style which are more commonly used in school-books. The most 
common is what I teim the formal statement style. In this principles and 
rules are stated, and then illustrations are given. This makes a formal and 
uninviting book. The bare skeleton of the science is generally for the most 
part presented, and the young pupil is apt to learn the statements by rote 
without understanding them. It is a style fitted only for books intended 
for advanced scholars. Another style is the catechetkal. This is an un' 
natural mode of communicating knowledge ; and, besides, it encourageJ 
learning by rote as the formal statement style does. In the third style, the 
dramatic, conversations are held between the teacher and some leaniers. 
The chief objection to this is that it undertakes to put in permanent shape 
what should be extemporized in the recitation. What is needed in (he 
book is simply clear and concise statement in an interesting style, and the 
living teacher and his scholara can best furnish the conversational element 
as the recitation goes on. 

In the lecture style there may be and should be as much precision of 
statement as in the formal statement style, while it is more interesting, 
because it is the natural mode of communicating knowledge. In this style 
the facts are ordinarily so stated as to develop principles ; while in the other 
the order is reversed* the principles being first stated and the facts given 
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afterwards. One of the most successful books ever used in our colleges — 
"Paley's Natural Theology" — is in the lecture «tyle, aud it is a matter of 
sui*prise that tliis fact has had so little influence with those who have pre- 
pared books for instruction. 

Whatever may be true of advanced scholars, in teaching the young stu- 
dent in science bare, dry statement should be avoided, and the subjects 
should be presented in all their attractive features. I would not be under- 
stood as advocating the dressing up of science in adventitious charms. 
This is not necessary. Science possesses in itself an abundance of charms, 
which need only to be properly developed to attract the young mind ; and 
the lecture style furnishejs the best vehicle for such a development. 

One grand essential for giving interest to any study is the presentation 
of the various points in the natural order in which they should enter the 
inind. They should he so presented that each portion of a book shall make 
the following portions more interesting and more easily understood. This 
principle, which is so commonly transgressed, I have endeavored to observe 
strictly in the preparation of these volumes. 

Questions are inserted for those teachers who desire to use them. There 
is also an Index. 

W. Hooker. 

January^ 186S. 
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In revising this work, its essential features, as fully explained in the 
Author's Preface, have been carefully preser\'ed ; at the same time, many 
portions have been entirely rewritten and much new matter has been 
added. The chapter on Galvanism, omitted in the Second Edition of 
Fart IL, Chemistry, has been revised and inserted in the present volume. 
Many new wood-cuts have been introduced, taken chiefly from German 
sources. 

In the First Edition of this work the author makes frequent reference to 
Dr. Neil Amott's Elements of Physics; the editor acknowledges his in- 
debtedness to the Seventh Edition of the same for many of the illustra- 
tions of physical phenomena, and for suggesting the arrangement of matter 
in certain parts of this revision. 

H. Cabsinotox Bolton, Ph.D. 

Tbinitt COLI.KeX,'! 
Hay, 1878. i 
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NATURAL PHILOSOPHY, 



CHAPTER I. 

MATTER. 

1. Introduction. — Since you are about to begin the study 
of the series of books embraced under the general title 
" Science for the School and Family," and of which this 
work on Natural Philosophy forms the first volume, it is 
necessary that you should clearly understand what is meant 
by Science. This word literally means knowledge; but in 
the sense in which it is commonly employed, science de- 
notes a systematic and orderly arrangement of knowledge. 
Superficial and incomplete information on any given topic, 
interwoven with fictions of the imagination, does not con- 
stitute science ; on the contrary, science implies a profound, 
penetrating, and comprehensive knowledge based on gen- 
eral truths and fundamental principles. Since the human 
mind is capable of apprehending the phenomena of the 
whole universe of nature and of thought, and can subject 
them to the action of both the reason and the imagination, 
it is evident that science in its fullest signification is well- 
nigh boundless in its range and infinite in the variety of its 
material. To facilitate the study of so vast a subject as 
the sum of human knowledge, we naturally resort to sys- 
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teraatic divisions and methods of classification. To enter 
upon au examination of the various systems of classifying 
the arts and sciences proposed by different authorities is 
quite foreign to our object, and we shall adopt without 
argumentation the views of the late Dugald Stewart, for- 
merly Professor of Moral Philosophy in the University of 
Edinburgh. After carefully criticising the schemes of his 
predecessors, Professor Stewart concludes that the two 
most general heads on which to found an encyclopedical 
classification of science are Mind and Matter. " No 
branch of human knowledge — no work of human skill — can 
be mentioned which does not obviously fall under the for- 
mer head or the latter." 

The sciences of mind and of matter are susceptible of 
subdivisions ; the former embraces Pure Mathematics, Met- 
aphysics, Mental and Moral Philosophy, Political Economy, 
Sociology, and other subjects upon which we do not dwell; 
the latter deals with the less abstract topics included in 
the sciences of Natural History, Astronomy, Chemistry, 
and Natural Philosophy or Physics. 

Natural History includes within its extended limits the 
sciences of minerals, or Mineralogy, and of rocks, or Geol- 
ogy ; of plants, or Botany ; of animals, or Zoology ; and 
of man, or Anthropology. Under this head, too, may be 
placed Medical Science, Physiology, etc. Astronomy, as 
you know, teaches about the heavenly bodies, their motions, 
magnitudes, and periods of revolution ; Chemistry deals 
with the internal composition of substances and their 
mutual reactions ; and Natural Philosophy, or Physics, may 
be defined as that branch of science which treats of the 
properties and laws of matter. The term Natural Philoso- 
phy itself embraces a whole series of sciences, as will ap- 
pear from an examination of the following chaptere. 

2. Effects of Matter on the Senses. — The substance of 
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which material objects are made is called matter. Matter 
is often defined as anything perceptible by the senses — a 
statement which demands closer consideration. Some forms 
of matter can be perceived by all the senses ; others can be 
perceived by only a part of them ; some by only one. Air 
you cannot see, nor smell, nor taste ; but you can feel it, 
and hear and see the effects of its motion. Sometimes mat- 
ter affects only the sense of smell, or that with the sense of 
taste. Sea-air smells of salt ; but the salt in the air is so 
finely divided we cannot see it. And yet it is the salt, 
entering the nostrils and coming in contact with the sen- 
sitive fibres of the nerves of smell, that produces the effect. 
Thus when we smell a flower, matter comes from it in par- 
ticles so minute that no microscope can detect them, but 
they produce sensation when they strike upon the nerve, 

Difierent kinds of matter constitute the substances of 
which bodies are made. These bodies are subject to change 
of state, form, and mutual relation ; and a study of these 
phenomena is the province of Natural Philosophy. 

3. FormB of Matter. — Matter appears in three forms: 
solid, liquid, and gaseous or aeriform — that is, like air. 
Sometimes matter is spoken of as having only two forms — 
solid and fluid. In this case fluids are divided into two 
classes, the elastic and non-elastic. The air and the vari- 
ous gases and vapors are the elastic fluids; while those 
which are called liquids are the non-elastic fluids. A foot- 
ball bounds because the air in it is an elastic fluid. If it 
were filled with a non-elastic fluid, as water, it would not 
bound. When water takes the form of steam it becomes 
ehistic. Though it was formerly very common to use the 
expression elastic fluids, the division of matter into three 
forms is the one now usually recognized, liquids having 
been found to be feebly elastic. 

Solids. — In solid matter the particles cannot be moved 
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about among each other; but each particle generally re- 
tains the same position in relation to those particles which 
are around it — in other words, it does not change its neigh- 
borhood. This is more true of some solids than of others. 
It is absolutely true of such hard solids as granite and the 
diamond. In these the particles always maintain the same 
relative position. But it is not so with gold or lead. By 
hammering these you can change greatly the relative posi- 
tion of their particles. India-rubber is a solid, but the 
relative position of its particles can be much altered in 
various ways. 

Liquids. — It is characteristic of a liquid that its particles 
change their relative position from the slightest causes. 
It is in strong contrast with solids in this respect. When 
you move any portion of a solid body you move all the 
other portions of it, and generally in the same direction. 
But a body of liquid cannot be moved altogether as one 
body except by confining it, as, for example, in the case of 
a water-pipe or a syringe. And then, the moment that the 
water can escape, the particles use their liberty of altering 
their relative position. Since wind and other agents act 
continually upon water, no particle stays for any length of 
time in the neighborhood of the same particles. ''Unstable 
as water" is, then, an exceedingly significant expression. 
Water is never at rest. A particle of it may at one time 
be floating on the surface of the ocean, and at another be 
in depths beyond the reach of man. It flies on the wings 
of the wind, falls in the rain, runs in the stream, is exhaled 
from a leaf, trembles in the dew-drop, flows in the blood of 
an animal or in the sap of a plant, and is always hurrying 
along in its ever-changing course. 

Gases. — ^The particles of gaseous or aeriform substances 
move among each other even more freely than those of a 
liquid. Air, therefore, is more unstable and restless than 



MATTER. 21 

water. Even when the air seems to be perfectly still its 
particles are moving about among each other. You can 
see this to be true if you darken a room, leaving a single 
shutter a little open. Where the light enters you will see 
motes flying about in every direction, which would not bo 
the case if the air were really at rest. The particles of air 
have a greater range of travel than those of water ; for the 
sea of atmosphere which envelopes the earth rises to the 
height of about fifty miles. How far water rises by evap- 
oration we know not ; but it is not at all probable that it 
rises to the uppermost regions of the atmosphere. 

4. Filling of Spaces by Liquids and Gases. — It is the free- 
ness with which the particles of liquids and gases move among each other 
that enables them to insinuate themselves into spaces everywhere. They 
are ever ready to enter into any substances which have interstices or pores 
of such size as will admit them. Mingled with the grains of the soil are 
not only water, but air and gases. These are present also in all living 
substances, both vegetable and animal. Water forms the chief part of sap 
and of blood, and water is always accompanied by air and other gases. 
Part of the air we inhale enters the blood in the lungs, and courses with it 
through the system. The fishes could not live in water if no air were 
mingled with it. This can be proved by experiment. If you put a fish 
into a close vessel it will soon die, because it uses up all the air held in 
solution by the water. In an open vessel the fish is kept alive by the con- 
stant accessions of fresh air to the water. Advantage is taken of this in 
the preservation of fish in large aquaria, where air is constantly pumped 
into the water contained in the tanks. 

Solution. — When solid substances dissolve in water or other liquids, the 
particles of the solids penetrate between the little particles of the liquid, 
and it is owing to the freedom with which the particles of water move 
about among each other that they are able to take in among them the 
minute particles of the solid. § 12. 

5. Relation of Heat to the Forms of Matter. — Some kinds 
of matter are seen in all the three forms. Whether these 
shall assume one fonn or another depends on the amount 
of heat present. Thus when water is solid, ice, it is be- 
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cause a part of its heat is gone. Apply heat, and it becomes 
a liquid, water. Increase the heat to the boiling point, and 
it becomes steam, or an aeriform substance. Alcohol has 
only two forms — liquid and aeriform. It has never been 
frozen. Iron is usually solid ; but in the foundry, by the 
application of great heat, it is liquefied. Mercury is liquid 
in all ordinary temperatures; but it often becomes solid in 
the extreme cold of arctic winters. A mercurial thermom- 
eter is of course useless under such circumstances, and the 
alcoholic thermometer is relied upon to denote the degree 
of cold. The difference between mercury, water, and iron 
in regard to the liquid state is this : Comparatively little 
heat is required to make mercury liquid, while more is re- 
quired for this condition in water, and much more in the 
case of iron. 

6. The Nature of Matter Unknown. — Let us now inquire, 
what do we know of the nature of matter ? Can we say 
that we know anything of it? We may observe its phe- 
nomena and learn its properties; but, with our most search- 
ing analyses, we can no more determine the nature of mat- 
ter than we can that of spirit. Newton supposed "that 
God in the beginning formed matter in solid, massy, hard, 
impenetrable particles." This he believed to be true of 
liquids, and even of gases, as well as of solids. In the gas 
these hard particles are much farther apart than in the 
solid. The supposition is a very probable one ; but if it 
be true, it does not teach us what matter is, for it leaves 
us in the dark as to the nature of the particles. Newton 
further supposed that these particles have always remained 
unaltered amid all the changes that are taking place ; these 
changes being occasioned by " the various separations and 
new associations and motions of these permanent particles." 
When, for example, anything is burned up, as it is ex- 
pressed, not one of the particles is destroyed ; they merely 
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assume new forms. Though most of the substance has 
flown off in the form of gas, the ultimate particles compos- 
ing the gas are the same as when they made a part of the 
solid substance; and they may soon again become a part 
of some new solids. Such changes in the forms of matter 
are everywhere going on ; and when you study Chemistry, 
Part 11. of this Series, you will become familiar with them. 
*I. The Constitution of Matter. — The nature of the inter- 
nal structure of matter cannot be experimentally deter- 
mined, and we are again obliged to resort to hypotheses 
or suppositions. Two hypotheses of the internal constitu- 
tion of matter have been proposed ; according to the first 
matter is homogeneous throughout its mass, and pre- 
sents no interior void, or, in other words, is continuous. 
This is the supposition of Descartes, an eminent French 
philosopher of the seventeenth century, but possesses so 
small a degree of probability that the scientific world has 
abandoned it for the second hypothesis. According to this, 
bodies consist of an agglomeration of an immense number 
of excessively small particles called moleciUes ; these small 
pai'ticles do not touch each other, but are held in their places 
by reciprocal attraction ; they are supposed to be continu- 
ally in motion, the amplitude of their oscillations varying 
with the form of the body, solid, liquid, or gaseous. This 
hypothesis originated with ancient Greek philosophers about 
twenty-two centuries ago, but has been modified consider- 
ably in modern times. There are many reasons for accept- 
ing this view, some of which we will state briefly. In the 
first place, matter is divisible, as will be explained more 
fully in Chapter IL, and it is difficult to comprehend its 
divisibility if it contains no void spaces. The solubility of 
solids is explained in § 4 by a reference to this hypoth- 
esis. Secondly, the expansion of bodies by heat, and their 
contraction on cooling, is readily explained by the molecular 
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hypothesis, for we may conceive that the spaces which 
separate the molecules become larger or smaller in conse- 
quence of the separation or approach of the latter. The 
fact that bodies assume three states, solid, liquid, and gase- 
ous, is explained in a somewhat similar manner. Thirdly, 
when two substances are brought together it often happens 
that they intimately interpenetrate, and, each losing its 
characteristic property, they acquire new properties com- 
mon to both. Chemical science affords us numerous exam- 
ples of such combinations. Sodium^ for instance, is a white 
lustrous metallic substance, as soft as wax, fusible at a low 
temperature, lighter than water, tarnishing very readily, 
and decomposing water at ordinary temperatures ; chlorine^ 
on the other hand, is a yellowish-green gas, heavier than 
air, of disagreeable odor, fatal to animals when breathed 
by them, possessing strong bleaching power, and soluble 
in water; and these two strangely dissimilar substances 
combine to form the white crystalline solid, common salt, 
so indispensable to man and animals. 

Such facts as these are comprehensible if we adopt the 
view that matter is composed of exceedingly small par- 
ticles, but it is impossible to explain them on the hypoth- 
esis of Descartes. Taking the example given, sodium and 
chlorine are each regarded as made up of minute particles 
having the properties named, and when combination takes 
place between individual pai'ticles they are associated in 
new forms and recognized as common salt. 

Fourthly, the various phenomena of light and of heat, 
and certain chemical laws which will be explained in Part 
11. , combine with the foregoing proofs to form an argu- 
ment in favor of the molecular hypothesis not easily out- 
weighed. 

8. Molecules. — These particles of matter are so minute 
that they have never been seen by man ; the smallest par- 
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tide visible with the most perfect microscope is probably 
greater than ^j^y of a millimetre* in diameter, and it has 
been calculated that to see these molecules we should re- 
quire a lens magnifying from 600 to 2000 times greater 
than any we now possess. We are about as far from see- 
ing the largest molecules as we should be from reading 
with the unaided eye the letters on a page of this book at 
the distance of one third of a mile. 

Eminent philosophers have estimated the size of molecules, and have ob- 
tained remarkable coincidence of results from independent and widely 
different data ; from these calculations it may be concluded with a high 
degree of probability that in ordinary liquids or solids the diameter of the 
molecule is less than the ten-millionth and greater than the two-hundred- 
millionth of a millimetre. 

Molecules are believed to be continually in motion, and 
with very great velocity, estimated to average seventeen 
miles a minute. This motion is in all directions, and of an 
oscillatory character, the particles flying to and fro through 
excessively small paths, the diameter of which varies Avith 
the nature of the substance. 

Not only do molecules vary in size and velocity of mo- 
tion, but they also differ among themselves in weight; 
their weight depends on that of the atoms (see next para- 
graph) composing them, and can be determined in accord- 
ance with laws explained in Part 11. , Chemistry. 

Atoms. — Molecules are believed to be composed of still 
smaller particles of matter called atoms. The number of 
atoms forming a molecule varies greatly; in certain cases 
a molecule contains but one atom, in others several hun- 
dred. If the atoms composing the molecule are of one and 
the same substance, the molecule is said to be simple or 
elementary ; if atoms of diverse kinds of matter unite to 



♦ See Appendix, Metric System of Weights and Measures. 
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form a molecule, it is said to be compound. Thus the mole- 
cules of copper are made up of atoms of copper solely, and 
copper is consequently regarded as an elementary body ; 
on the other hand, molecules of sugar, of saltpetre, etc., are 
compound, the first named being made up of twelve atoms 
of carbon, twenty-two of hydrogen, and eleven of oxygen, 
and the second containing one atom of potassium, one atom 
of nitrogen, and three of oxygen. 

Atoms of different kinds of matter vary in weight, those 
of gold and lead, for example, being much heavier than 
those of hydrogen. 

Bj taking advantage of the extraordinary tinctorial power of certain 
aniline dyes, expeiiments have been made which show that an atom of 
hydrogen undoubtedly weighs less than 0.000,000,000,054 gi*amme ; ac- 
cording to another authority the weight of a hydrogen atom cnnnot be less 
than 0.000,000,000,000,000,000,000,000,0075 of a gramme. It is im- 
possible to conceive of such minute quantities, nor have these figures any 
practical value ; we give them chiefly as a subject of curiosity. 

The smallest particle of matter which can exist in a free 
state is the molecule ; atoms exist in combination only, and 
are sometimes defined as the smallest particle of matter 
which can enter into the composition of a molecule. 

The physical properties of bodies, hardness, transparency, 
elasticity, etc., depend mainly on their molecular relations; 
the chemical properties on their atomic relations. The 
study of the atomic composition of bodies, and of the laws 
governing their combination, is the province of chemistry, 
and will bo fully explained in Part II. 

9. Matter acted upon by Forces. — The constant changes 
of form and mutual relations of bodies are caused by ex- 
ternal agents called forces. Gravitation, heat, light, and 
electricity are some of these forces. These physical forces 
were formerly regarded as exceedingly attenuated forms 
of matter, and, since they have no weight, were called im- 
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ponderable agents. At present, however, the opinion pre* 
vails that the phenomena caused by these forces result from 
the motions of the inappreciably minute particles of matter. 
It is believed also that there is in reality but one force in 
nature, and that heat, light, and electricity are different 
manifestations of this force. Just as a certain amount of 
matter was created, and continues to exist without diminu- 
tion in quantity, in like manner a definite amount of force 
was created, and this, too, is indestructible, though mani- 
festing itself in various ways to our senses. It will be 
shown farther on that the forces of heat, light, and electric- 
ity are mutually convertible and equivalent. They are all 
referred back to a common origin — motion of the molecules 
of matter. 

The agency of the physical forces is of great importance 
and is very active, producing constant changes throughout 
nature ; they are also obviously and immediately essential 
to life. 

QUESTIONS.* 

[The numbers refer to the Bections.] 

1 . What is meant by Science ? What is said about the classification of 
wnowledge? Name some of the chief subdivisions. — 2. What is said of 
.he effects of matter on the senses ? — 3. What are the fonns of matter ? 
Illustrate the difference between elastic and non-elastic fluids. What is 
said of the union of the particles of a solid ? Give the difference noted 



* Teachers differ mach in their plans of condactiug recitations. Some are very 
minute in their qnestions ; while others go to the other extreme, and merely name 
the topics, the pnpils being expected to give in fall what is said upon them. Nei- 
ther of these plans should be adopted exclusively, bnt the mode of recitation should 
be much varied from time to time. This variety is somewhat aimed at in the qnes- 
tions which we have prepared, though in no case are the qnestions as minnte as they 
should occasionally be made by the teacher. It would be well to have the pnpils 
draw many of the figures upon the blackboard, and then recite from them. By 
drawing the simplest figures first sufficient ekiW may be acquired to enable the pupil 
to draw those which are quite difficult. 
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between different solids. How does a liquid differ from a solid ? Give in 
detail what is said of water. What is said of tlie particles of gaseous sub- 
stances ? What of the atmosphere ? What of the vapor in it ? — 4. What 
is said of the entering of liquids and gases into interstices ? What of the 
mingling of gases with liquids ? Give the illustration in regard to fishes. 
What is said of the solution of solids in liquids ? What of the evaporation 
of water in the air ? — 5. Illustrate the influence of heat on the forms of 
matter. What is said of the thermometer ? What of mercury, water, and 
iron in relation to the liquid state ? — 6. What is said of our knowledge of 
matter ? What was the supposition of Newton about the composition of 
matter ? What is said of the changes^ of matter ? — 7. What two supposi- 
tions have been made as to the internal structure of matter? With whom 
did the more probable one originate? Name the principal reasons for 
adopting the molecular hypothesis ? Describe in full the chemical reasons. 
— 8. What is said of molecules ? How near are we to seeing them ? How 
large are they believed to be ? What of their motions ? Of what are mole- 
cules composed? When are they elementary? Give examples. When 
are they said to be compound ? Give examples. What is said of the 
weight of atoms of hydrogen ? What properties of matter depend mainly 
on the molecular relations of bodies? — 9. What forces act upon matter? 
What is b«ii about the unity of force ? 



CHAPTER II. 

PROPERTIES OF MATTER. 

10. Properties of Matter. — All matter has properties or 
qualities ; these differ in the different kinds of matter as 
well as in substances of the same class. Some of these 
properties are common to all kinds and forms of matter, 
and are called universal properties ; others are peculiar to 
certain substances and are called specific properties. The 
properties of matter which we shall describe in this and 
the following chapters are : 



Universal Properties, « 
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Extension and Figore. 

Impenetrability. 

Indestructibility. 

Inertia. 

Divisibility. 

Porosity. 

Compressibility and Expansibility. 

Elasticity. 



f 



Specific Properties, . . " 



Hardness. 

Flexibility and Brittleness. 

Tenacity. 

Malleability. 

Dactility. 



Besides the specific properties named, there are othero 
which do not here require detailed explanations, such as 
solidity and fluidity, transparency and opacity, color, etc. 

The universal properties are sometimes called essential properties ; that 
is, properties of which no kind or form of matter can be destitute. The 
distinction between the two groups named will be explained in the next 
section. 

11. Extension and Fignre. — Mcten8io7i is that property 
of matter by virtue of which a. body occupies a limited 
portion of space and figure^ the property by which it has 
some definite shape. You cannot conceive of any portion 
of matter, however small it may be, that does not occupy 
some space, and that has not shape or figure. This is, in 
fact, involved in the very idea of matter. A particle may 
be so small as to appear only as a point to the naked eye, 
but viewed through the microscope its shape becomes 
obvious. Even an atom must have length, breadth, and 
thickness, notwithstanding our inability to measure it or 
to see its shape with the most powerful microscope. The 
air is sometimes spoken of in common language as being 
shapeless. This is partly because it is invisible, and partly 
because no portion or body of air assumes any definite 

B 
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shape. Bat air is continually forced into definite shapes by 
confinement in rooms, boxes, etc. ; and then its extension 
in different directions can be measured as accurately as the 
extension of a solid. And, besides, the particles of which 
air is composed are undoubtedly solid, and we cannot con- 
ceive of their existence without attaching to them the idea 
of figure or extension. 

Extension is an essential or universal property of matter, since no por- 
tion of matter, hard or soft, can be destitute of extension ; on the other 
hand, hardness is not an essential property of matter, for some kinds of 
matter possess n9 hardness. 

12. Impenetrability. — In common language one substance 
is said to penetrate another when forced into it by pressure 
or by blows. Thus a needle penetrates cloth, a nail pene- 
trates wood, etc. But this expression is. not strictly cor- 
rect ; the needle does not enter the substance of the cloth, 
but goes between the fibres of it, pushing them to one side. 
And the nail goes between the fibres of the wood, and not 
into them ; it does not occupy the same room as the fibres 
at the same time. 

In like manner no atom of matter can penetrate or enter 
into any other matter, it can only push it out of the way, 
and then occupy its place. This property of matter where- 
by no two portions can simultaneously occupy the same 
place is called impenetrability. Impenetrability is usually 
accounted one of the universal properties of matter, but it 
is really a necessity of the existence of matter and of its 
extension, as explained in § 11. 

Illustrations. — The property of impenetrability may be 
illustrated in many ways. If you hold a tumbler with its 
open end downward and press it into water, it will not fill 
with water, for the air in the tumbler prevents the water 
from rising ; it cannot occupy the same space with the air. 
It fills indeed a portion of the tumbler, because the air is 
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compressible to a certain extent (§ 17). If you 
iutroduce a glass funnel, a. Fig, 1, into a jar of 
water, b, the water will not rise to fill it so long 
as you close the opening, c, with your fingei-. 
But if you remove your finger, the water will 
rise to the level of the water outside of the fuii- 
uel, pushing ont the air before it. Tho follow- 
ing neat experiment illustrates the same point. 
Float a lighted candle, a. Fig. 2, on a large flat *'*"'" 

cork (weighted with lead so as to support the 
candle) in a jar of water, and place over it an 
open jar or i-eceiver, b, provided with a stop- 
cock, c If you close the stopcock and press 
the receiver into the water, the candle will 
sink with it as represented in the figure, the 
air preventing the 
water from entering 
the jar. As soon as 
you open the stop- 
* cock, however, the 

water will rush in, and the can- 
dle will appear to rise out of 
the water. 

Other IllsMrations.—'Iht diving-bell, 
used for exploring the bottoms of rivers, 
lakes, etc., affbrda n good illaatrntion 
of this property of mutter. It consists 
of e. metallic vessel, A, Fig. 3, shaped 
somewhat like a bell, and made snffi- 
cientlj heavy to sink in water. It is 
lowered into deep water bj means of a 
chain and cable, r m q. Ths water 
does not enter the bell any farther ihan 
the compresMbitilf of the air allows. 
Iq order that the men in the bell ma; F>&3. 
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remain under water for some time, fresh air is supplied by the tube I, being 
forced in by a pump, and the vitiated air is allowed to escape through 
valves provided for that purpose. The seats, s, «, are for the accommodation 
of the men who descend in the bell to work at the bottom of the sea or river. 
By this means treasures are often recovered which would otherwise be lost. 
You will observe some resemblance between the diving-bell and the ar- 
rangement shown in Fig. 2, the receiver representing the bell, and the 
lighted taper the men within. 

When a bullet is dropped into a glass of water it pushes the particles to 
one side, and occupies the room thus gained. If several bullets are thrown 
in, there is an evident rise of the water, and you may add enough to make 
it overflow. The same thing is true of the finest needle dropped into wa- 
ter ; it does not penetrate the water, but, like the bullet, displaces the par- 
ticles. 

When any substance, sugar or saltpetre for example, is dissolved in wa- 
ter, its particles do not penetrate those of the water, but they enter the 
spaces between the particles. In more concise language, solution results 
from inter-molecular penetration. In like manner when particles of odor- 
ous substances are diffused in the air, they are in fact between its particles. 

13. IndeBtructibillty. — We have alluded to the indestruc- 
tibility of matter in Chapter L, but it now requires ampli- 
fication. When substances waste away, or are burned up 
rapidly, the matter of which they are composed does not 
cease to exist — it merely changes its form or condition. 
Gold may be melted, and even converted into vapor, but 
the form merely changes, and its substance is not lost. A 
candle grows shorter and lighter as it burns, but by means 
of suitable apparatus it is possible to collect all the gases, 
smoke, etc., which invisibly rise, and it is found that there 
is no loss in weight. In short, we cannot create matter, 
and we cannot destroy it ; it is imperishable. The universe 
contains the same amount of matter as when first called 
into being by Omnipotence, and not the smallest particle 
will be put out of existence to the end of time. 

We occasionally hear of new elements, new kinds of matter, dis- 
covered by chemists ; but this signifies that the body discovered had pre- 
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viously escaped observation, either on account of its great rarity, or bj 
reason of the difficulty of distinguishing it from its associated substances 
having similar properties. New elements are discovered, not created, by 
chemists. The indestructibility of matter is forcibly brought to the mind 
of the chemist, who witnesses in his dealings with matter sucli marvellous 
transformations, disappearances, and reappearances. The changes which 
the various kinds of matter undergo belong to the province of Chemistry, 
and will be fully explained in Part II. 

14. Inertia. — Matter has mo power to put itself in motion ; 
when it is moved, it is acted upon by some force outside of 
the matter, or communicated to it in some way. When your 
arm moves, it is not the matter in your arm that causes its 
motion ; it is the result of a force within you, exerted in 
obedience to the will. A book lying on a table has no 
power within itself of moving to another place ; and if 
you reach out your arm, pick it up, and throw it across the 
room, you communicate force to it from without, and thus 
set it in motion. When air moves, it is set in motion by 
some force acting upon it, as when you blow it from your 
lungs or move it with a fan. When the wind blows, the 
air is set in motion by heat and the attraction of the eartb, 
as will be explained in another part of this book. 

Again, matter when set in motion has no power to stop 
itself. This inability of matter to move itself or to stop 
its motion is called inertia. If matter could stop itself, it 
would not be called ineili. Owing to this inertness, matter 
once set in motion would keep moving forever were it not 
stopped by some force ; matter has no more tendency to 
stop moving when once put in motion than it has to begin 
motion when it is at rest. All motion would be perpetual 
if there were not forces opposing it. If there were only 
one body in the universe, and that were set in motion, it 
would move forever through empty space in a straight line ; 
for there would be no matter anywhere to resist its mo- 
tion or to attract it away from its onward course. 
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When a stone tal\a to the groanJ, it sups simpiv becniise the earth sr- 
rests it. If the eaith were not in the way, tbo stone would move siinight 
on until it reached the centre of the earth (§ 36). A stone thrown up 
in the eir would keep on, and soon be out of Bight, and never return to the 
earth, if it were not made to come down hj forces acting upon it. One 
of these forces is the resistance of the air, which, from the moment the 
stone starts, is destroying its motion. Another force as constantly operat- 
ing to retard the stone is the attraction, or drawing force, exerted by the 
eartii upon iL This powerful though unseen force will he tre&ted of fully 
in Chapter IV. 

Advantage is taken of inertia in matters of evei-y-day 
life. The massive fly-wheel of a stationary engine, once 
Started on its course, continues to revolve by virtue of its 
inertia, and to give a steady regular motion to the machinery 
with which it is connected. The fly-wheel is made very 
heavy, because the heavier it is the greater resistance it 
offers to the friction which continually tends to stop its 
motion. When the locomotive of an incoming ti'ain is dis- 
connected and shoots swiftly ahead, the train, by virtue of 
its ineitia, or inability to stop itself, follows after until its 
motion is Gpent or an application of the brakes brings it to 
rest. It is owing to the inertia of matter that leaping from 
a rapidly moving train is dangerous; a person on the cara 
partakes of their motion, and, on jumping off, his feet come 
suddenly to i-est while his body continues to move forward, 
and he is thrown headlong to the gronnd. 
The inertia of matter may be illus- 
trated by a pleasing experiment. Bal- 
ance a card on the neck of a bottle, and 
place a small coin on the card directly 
over the opening; by giving the card 
a quick, sharp blow with the finger, in 
a horizontal direction, the card will fly 
away and the coin will fall into the bot- 
^^■*' tie. The coin does not move with the 
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card, because sufficient time does not elapse tov the coin 
to partake of its motion. 

The law of inertia was first recognized by Galileo, an eminent Italian 
philosopher, about the close of the sixteenth century. A correct compi^ 
hension of this important law was necessary before true explanations could 
be given of the laws goyeming the falling of bodies, of the vibrations of 
the pendulum, and of the motions of the planets in their orbits. 

15. Divisibility of Matter. — Any portion of matter, wheth- 
er solid or gaseous, may be divided into parts. Even if it 
be so small that it can be seen only with a powerful micro- 
scope, it could be still further subdivided, provided a suffi- 
ciently delicate instrument were available. A particle of 
matter the five-thousandth of a millimetre in diameter is 
no longer visible under a powerful microscope, and yet 
nothing but man's natural incapabilities prevents the divi- 
sion being carried yet finer. Whether or not there be a 
limit to the divisibility of matter is a question which has 
been discussed by philosophers iu all ages. The theory 
prevailing at present is, that matter is not infinitely divis- 
ible, but is made up of definite ultimate parts called atoms, 
as explained in Chapter J. 

Of the actual divisibility of matter we have numerous 
examples, in which the division is carried far beyond that 
which can be effected by any cutting instrument. 

A gold-beater can hammer a grain (65 milligrammes) of 
gold into a leaf covering a space of fifty square inches (322.5 
square centimetres). So thin is it that it would take 300,000 
of such leaves, laid upon each other, to make the thickness 
of an inch. And yet so even and perfect is this thin layer 
of gold, that when laid upon any surface in gilding it has 
the appearance of solid gold. One fifty-millionth part of 
this grain of gold thus hammered out can be seen by the 
aid of a microscope which magnifies the diameter of an 
object ten times. 
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Recently the divisibility of gold has been carried much 
farther, Mr. Outerb ridge, of Philadelphia, has obtained 
(by electric deposition) films of gold so thin that one grain 
of the metal would cover nearly four square feet (0.37 
square metre). This is ten thousand times thinner than 
ordinary writing-paper, and 2,798,000 such films would 
measure only one inch. Gold-leaf of this tenuity is trans- 
parent and transmits a green light. 

Further Illustrations. — A soap-babble is a beantiful example of the 
minute division of matter. That tliin wall which encloses the air is 
composed of particles of the soap and of the water mingled together. It 
is supposed to be less than one millioilth of an inch in thickness. 

The thread of the silk-worm is so minute that the finest sewing-silk is 
formed of many of these threads twisted together. But the spider spins 
much more finely than this. The thread by which he lets himself down 
from any height is made np of about 6000 threads or filaments, each 
coming from a separate hole in his spinning-machine. A quarter of 
an ounce (7.77 grammes) of the thread of a b'pider's web would extend 
400 miles (643 kilometres). 

Platinum, which is usually regarded as the heaviest known metal, can be 
drawn out into wire still finer than the web of the spider ; 3000 feet (914.4 
metres) of this wire weigh scarcely one grain (65 milligrammes), and a 
bundle of 140 of these wires would equal in thickness only a single silk- 
worm thread. See § 22. 

Perhaps the most minute division of matter is exemplified in odors. A 
grain of musk will scent a room for years, and yet 8uff*er no perceptible loss 
of weight. But during all .this time the air is filled with fine particles 
coming from the musk. 

The microscope reveals to us many wonderful examples of the minute- 
ness of the particles of matter, both in the vegetable and the animal world. 

If you press a common puff-ball a dust flies ofi^ like smoke. Examined 
with a microscope, each particle of this dust, which is the seed of the plant, 
is a perfectly round orange-colored ball. This ball is of course made up 
of very many particles, arranged in this regular form. Beautiful examples 
of various an*angements of the minute particles of matter are furnished 
by the pollen of difl*erent plants, as seen with the microscope. 

Each particle of the dust which adheres to your fingers as you catch a 
moth is a scale with fine lines upon it regularly arranged. And if yon 
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look through the microscope at the wing of the moth, yoa will see, where 
the scales are nihbed off, the attachments by which they were held 
standing up from the surface of the wing, like nail-heads on a roof from 
which the shingles have been torn. 

The organizatiou of exceedingly small animals, as re- 
vealed by the microscope, furnishes us with wonderful 
examples of the minute division of matter. A little of the 
dust of guano, examined through a powerful microscope, 
is seen to contain multitudes of shells of various shapes. 
These shells are the remains of animalcules that lived in 
the water, their destiny seeming to be in part to famish 
food to other animals larger than themselves. In the chalk 
formations of the earth are seen multitudes of such shells. 
They have been discovered even in the glazing of a visiting- 
card ; for they are so small that the fine grinding-np of the 
chalk does not wholly destroy them. There are animals, 
both in the air and in the water, so small that it would 
take millions of them to equal in bulk a grain of sand, and 
a thousand of them could swim side by side through the 
eye of a common-sized needle. Now all these animals are 
furnished with organs, constructed of particles of matter, 
which are arranged in them with as much order and sym- 
metry as in the organs of our bodies. How minute, then, 
must these particles be ! 

How do such facts extend our views of the power of 
the Deity ! The same power that moulded the earth, sun, 
moon, and the whole '* host of heaven," gave form and 
life and motion to the millions which sport in every sun- 
beam ; the same eye that watches the immense heavenly 
bodies as they move on in their course looks upon one 
and all of these legions of animals in earth, air, and water, 
though unseen by human eyes, and provides that every 
particle shall take its right position, so that this part of 
creation may with all the rest be pronounced very good ; 

B2 
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and the same bountiful hand that dispenses the means of 
life and enjoyment to the millions of the human race for- 
gets not to minister to the brief life and enjoyment of each 
one of these myriads of animalcules, though they seem to 
be almost nothingness itself. 



QUESTIONS. 

10. What is said of variety in the properties of matter ? Give the clas- 
sification. — 11. What is meant by extension? What by figure? Has 
the air any extension or figure ? — 12. Illustrate the meaning of impene- 
trability. Describe the experiment with the funnel and a jar of water. 
Also the experiment with the candle. State the arrangement of the div- 
ing-bell. Give the comparison between bullets and needles in relation to 
penetration. What is said of solution? — 13. Explain what is meant by 
the indestructibility of matter. Can we create matter? What, then, is 
meant by new elements ? — 14. What is inertia ? Give illustrations of it. 
Illustrate the fact that matter has no power to stop its own motion. What 
stops a body set in motion ? Illustrate by reference to a stone. What 
advantage is taken of inertia. Describe an experiment illustrating the 
inertia of matter. Who first recognized this law? — 15. What is said of 
the divisibility of matter? Give an example of the divisibility of matter 
by reference to gold-leaf. What is said of the soap-bubble? What of 
the thread of the silk-worm, and of the web of the spider? What of 
platinum wires? What of odoi*s? What is said of the dust of the 
puff-ball ? What of pollen ? What of the dust rubbed from a moth*s 
wing ? What of guano ? What of the glazing of visiting-cards ? What 
of the minuteness of some animals ? What is said of the Deity in re- 
lation to minute animals ? 
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CHAPTER III. 

PROPERTIES OP MATTER (CONTINUED). 

16. Porosity. — The particles composing bodies of every 
description are surrounded by empty spaces; those sub- 
stances which are called porous have quite large spaces in 
them. But even in those which are not commonly con- 
sidered porous the particles are by no means close to- 
gether. A celebrated experiment, tried at Florence in 
1661, showed that the particles of even so dense a sub- 
stance as gold are separated by spaces sufficiently large to 
let water pass through them. A hollow golden globe con- 
taining water was subjected to great pressure, and its sur- 
face was bedewed with the water that came out through 
the pores of the gold. 

There are two kinds of pores — sensible pores, which can 
be distinguished by the naked eye or by the aid of the 
microscope, and physical pores, or interstices among the 
molecules alluded to in Chapter I. Sensible pores are visi- 
ble in wood, sponge, pumice-stone, etc. ; physical pores are 
invisible, but their existence is shown by the fact that 
substances can be compressed into a smaller bulk than 
they usually occupy. Solids can be thus compressed; some 
more than others. But the most compressible substances 
are the gases and vapors. The amount of space between 
their particles must be very large to allow of so great com- 
pression. 

We can form some idea of the great amount of space in a gaseous or 
aeiiform substance by observing the difference between water in its liquid 
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and in its aeriform state. A cubic cen- 
timetre of water, converted into steam, 
occupies 1696 times more room than be- 
fore. The difference in proportion is ex- 
hibited in Fig. 5, the inner circle repre- 
senting a volume of water, and the outer 
that of the steam into' which it is con- 
verted. . The water is not at all altered in 
its nature by being changed into steam. 
The particles are simply forced faither 
apart by the heat, and as soon as the 
Fig. 6. heat is withdrawn they come together 

again to form water, or, in other words, the steam is condensed into water. 
It is plain, therefore, that the space between the particles is 1696 times as 
great in steam as it is in the water from which the steam is made. 

When any substance, as sugar or salt, is dissolved in 
water, its particles are diffused through the intermolecu- 
lar spaces. In like manner, when water evaporates, the 
particles of water are diffused through the spaces between 
the particles of the air. Animal and vegetable bodies are 
the most porous, being constituted of an immense number 
of interlacing channels through which during life nourish- 
ing fluids circulate. This is evident on examination of 
bone and of wood which abound in cells and partitions. 

Density and Barity. — ^The density of a substance de- 
pends upon the quantity of matter it contains in a given 
space. The more dense, therefore, a substance is, the 
greater its weight. A piece of lead is forty times heavier 
than a piece of cork of the same size. Mercury is near- 
ly fourteen times heavier than an equal bulk of water. 
You see, then, that density must depend on the nearness 
of the molecules to each other. In so dense a substance 
as gold the molecules are all very close together; in 
wood there are spaces, some of which are so large that 
you can see them ; and in air, steam, and the gases there 
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is a great deal of space among the particles, so that we 
speak of their rarity instead of their density. 

17. Compresflibility and Xbcpansibility. — Owing to poros- 
ity, matter may be compressed and expanded. Pressure 
applied to porous substances brings their particles nearer 
together, making them fill up in part their pores. You 
have a very familiar example of this in sponge. The 
greater the porosity of wood, the greater its compressi- 
bility. But even such dense substances as the metals can 
be compressed in some degree ; that is, the interstices be- 
tween their particles can be made smaller. Medals and 
coins have their figures and letters stamped upon them 
by pressure, just as impressions are made upon melted 
sealing-wax. The heavy and quick pressure required to 
do this actually compresses the whole piece of the hard 
metal, putting all the particles nearer together, so that 
it occupies less space than it did before it was stamped. 

It might be supposed from the f reeness with which the 
particles of liquids move among each other, and from the 
spaces which exist among them, that these substances 
could be easily compressed. But it is not so. The heavi- 
est pressure is required to compress them even in a slight 
degree. Water can be compressed so very little that prac- 
tically it is regarded as incompressible. 

Althongh the interstices between the particles of liquids cannot be 
varied by mechanical pressure, they can be by variations of temperature. 
Liquids are dilated or expanded by heat ; that is, their particles are put 
farther apart. They are contracted or compressed by cold ; that is, their 
particles are brought nearer together by the abstraction of heat. The 
most familiar example is the thermometer. The mercuiy rises in the 
tube when the heat increases the interstices between its particles, and 
it falls when the loss of heat allows the particles to come near together. 

Aeriform bodies are more compressible than any other 
substances, showing that in their ordinary condition there 
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is a great deal of space among their particles. While they 
are thus unlike liquids in compressibility, they are affected 
by heat in the same way. 

18. Elasticity. — Closely allied to the compressibility of 
matter is its elasticity. We see this property strikingly 
exemplified in India-rubber. It occasions the rebounding 
of a ball of this substance when thrown against any 
immovable body — the floor, for example. When the ball 

meets the resistance of the 
floor it is flattened, as rep- 
resented in Fig. 6. Then, 
as it assumes the round 
shape, shown in Fig. 7, it 
^^s- ^ ^^^- '^' pushes downward upon the 

floor. It is this sudden pushing downward that makes it 
rebound. It is as if there were a compressed spring be- 
tween the ball and floor. It may be likened also to jump- 
ing. When a person jumps he bends his limbs at the thigh 
and knee-joints, and then, in straightening himself up, gives 
a sudden push, like that given by the ball as it assumes its 
round shape, and so is thrown forward or upward, accord- 
ing to the direction of the pushing force. The same flat- 
tening occurs in an ivory ball, though to a far less de- 
gree. You can prove this by experiment. Let a marble 
slab be moistened, and drop the ball upon it. Quite a 
spot will be made dry by the blow of the ball, showing 
that it touched more of the marble than it does when 
merely placed upon it. 

When a stick or rod is bent, as soon as the bending force is withdrawn 
the stick becomes straight again from its elasticity. It is this elastic force 
of the bow, straightening it, that speeds the arrow. Observe in this case 
that while the particles on the concave side of the bent bow are brought 
nearer together, or compressed, those on the convex side are moved apart. 
This moving apart of the particles is often shown in India-rubber. You 
will see how very far apart particles i i near neighborhood may be carried 
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if you stick two pins close together in a strip of India-rubber, and observe 
their movements when yoa stretch it. 

Some substances have so very little elasticity that practically they are 
considered as having none. Lead is one of these. A rod of lead when 
bent remains so, and a leaden ball does not rebound. Wbile aeriform 
substances are the most compressible of all, they are also the most elastic. 
Compressed air returns to its usual condition the moment it is relieved 
from the pressure, and with a force proportioned to the amount of the 
pressure. So it is with steam and the gases. The ynried results of 
this property of aeriform substances will claim our attention more par- 
ticularly in some other parts of this book. 

Glass is nearly perfectly elastic — that is, it will retain no 
permanent bend ; but the limits of its elasticity are very 
small : it will not bend far without breaking. Hard bodies 
in general have a much smaller elastic limit than soil ones. 
This is evident on comparing the elasticity of steel, ivory, 
stone, glass, etc., with that of silk, catgut, India-rubber, 
and the like. 

Elasticity may be defined as that property of matter by 
which its particles, when brought nearer together or car- 
ried farther apart by any force, return to their usual con- 
dition when the force is withdrawn. Closely connected 
with elasticity is the property of flexibility, which will be 
explained in the next section. 

19. Flexibility and Brittleness. — If you bend a flexible 
body — a piece of wood, for ex- 
ample — it is obvious that the 
particles on the upper or con- 
vex side must be forced a lit- ^»s- s. 
tie farther apart, while those on the under or concave side 
are brought a little nearer together (Fig. 8). But the 
wood does not break, because the particles that are thus 
moved a little apart still retain their hold upon each oth- 
.er. This is the explanation of what is called flexibility. 
On the other hand, the particles in a rod of glass cannot 
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be put farther apart in this way. They are not actually 
in contact any more than are the particles of the wood, but 
they are in a fixed relative position ; that is, a position 
which cannot be disturbed without a permanent separation 
of particles. If you attempt to bend the rod there is no 
slight separation of many particles, as in the bent wood, 
but a full and permanent separation in some one part of the 
rod. We call the property on which this result depends 
brittleness. Brittle substances are generally hard. Glass, 
while the most brittle of all substances, is hard enough to 
scratch iron. 

Steel. — There are two kinds of steel, flexible and brittle. The steel of 
most catting instruments is brittle. The steel of a sword-blade is quite 
flexible, and that of a watch-spring is so much so that we can wind it up 
in a coil. This diflerence is owing to a difference in the mode of cooling 
the steel. If it be cooled suddenly, it is brittle ; if slowly, it is flexible. 
The process by which it is cooled slowly is called annealing. The expla- 
nation of all this is quite simple. The steel being expanded by heat — that 
is, its particles being put farther apart than they usually are — when they 
are suddenly brought together again they have not time to arrange their 
relative position properly. Brittleness is, therefore, the result But, on 
the other hand, when the cooling is eflected gradually, time is given for 
the arrangement. 

Steel suddenly hardened is too brittle for common use. A process called 
tempering is therefore resorted to for diminishing the brittleness. The 
steel is reheated after the hardening, and is then allowed to cool slowly. 
The degree in which the brittleness is lessened depends on the degree of 
heat to which the steel is subjected. It can be entirely removed by a red 
heat, for then the pailicles have a full opportunity to readjust themselves; 
and the more the heat comes short of this point the less thorough will be 
the adjustment, because the less perfectly are the particles released from 
their suddenly taken position. In lessening the brittleness we diminish 
hardness also, and therefore the tempering is varied in diflerent cases ac- 
cording to the degree of hardness desired. 

Afinealing of Glass, — Glass for economical uses is always 
annealed. If this were not done our glass vessels and win- 
dow-panes would be exceedingly brittle, and be constantly 
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breaking. Articles made of glass are annealed by being 
passed very slowly through a long oven which is very hot 
at one end, the heat gradually lessening towards the other 
end. 

We have a striking example of brittlencss induced by 
sudden cooling in what are called "Prince Rupert's Drops." 
These are made by dropping melted glass into cold water, 
and they usually have a shape resem- 
bling that of Fig. 9. If you break off ever 
so small a bit of the point of one of these 
drops, the whole will at once shiver to 
pieces. That is, the sudden arrangement 
of the particles is so slight and unnatural 
that the disturbance of the arrangement 
in a small part suffices to destroy the 
arrangement of the whole, very much as 
a row of bricks is thrown down by the 
fall of the first in the row. Faraday says 
that these drops were not, as is commonly 
supi)<)sed, invented by Prince Rupert, but 
were first brought to England by him in ^' 

]660. They excited much curiosity at that time, and were 
considered "a kind of miracle in nature." But you see 
that this, like many other wonders, is capable of an easy 
explanation. 

The so-called ''tempered glass," invented by a Frenchman named La 
Bastie, affords another example. La Bastie's process consists in heating 
the glass to a certain temperature, and passing it through oil or fatty ma- 
terials; glass articles thus treated are rendered tough enough to stand 
rough usage, such as dropping on a wooden floor from a height of ten feet, 
and even hammering to a certain extent. And yet the glass is in a pe- 
culiar condition, and, when broken, is shivered into thousands of pieces, 
much as is the case with Prince Rupert's Drops. 

20. Hardness. — ^This property seems to depend upon some 
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peculiar arrangement of the particles of matter. We should 
suppose that the densest substances would be the hardest. 
But it is not so. Iron is the hardest of the metals, but its 
particles are not so close together as those of gold, which 
is quite a soft metal. And gold is about four times as 
heavy as the diamond, which is so hard as to cut glass 
easily. Common flint is hard enough to scratch glass, but 
will not cut it so well as the diamond. 

Advantage is taken of the different degrees of hardness 
possessed by minerals in determining their species. In the 
following table a number of minerals, whose degrees of 
hardness is very uniform, are arranged so as to form a con- 
venient scale, by reference to which the hardness of any 
substance can be determined. It is only necessary to secure 
specimens of the minerals named, and to ascertain which 
of these ten the body under trial will scratch. Since, how- 
ever, it is not always possible to obtain a complete set of 
these minerals, we have added remarks showing approxi- 
mately their hardness : 

SCALE OF HARDNESS. 

1. Talc ; easily scratched by the finger-nail. 

2. Gypsum ; not easily scratched by the nail ; does not scratch n copper 

coin. 

3. Pare limestone (calcite) ; is scratched by a copper coin. 

4. Fluor-spar ; not scratched by a copper coin. 

5. Apatite ; scratches glass with difficulty, but is easily scratched by a 

knife. 

6. Feldspar ; scratches glass easily ; is scarcely scratched by a knife. 

7. Quartz ; not scratched by a knife. 

8. Topaz ; harder than quartz. 

9. Corundum ; harder still. 

10. Diamond ; is scratched by no other substance. 

The property of hardness depends on some circumstances not perfectly 
understood, for a substance may be hard or soft according to the manner 
in which it is treated. That this is the case with steel has been mentioned 

(§ 19). 
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21. Tenacity.— The power possessed by substances which 
causes them to resist being pulled asunder, termed tenac- 
ity, depends on the degree of attraction between the par- 
ticles. By attraction we mean a disposition in particles 
to come together, this disposition being manifested in op- 
position to any force tending to draw them apart. Tenac- 
ity does not exist at all in gaseous substances. The par- 
ticles of air and of steam, for example, show no disposition 
to cling together — that i^, have no tenacity. This property 
is weak in liquids; it is only strong enough in water to 
enable its particles to hang together in the shape of a drop. 
It is strong in solids, enabling their particles not only to 
hold together in large quantities, but also to hold up heavy 
weights suspended to them. It is strongest of all in steel. 

Various metals and other substances have been tested 
to ascertain their comparative tenacity. It was done in 
this way : Rods were made of the metals, etc., all of the 
same size, having, in fact, a cross-section of one square inch. 
Weights were suspended to them, and additions were made 
to the weights little by little till the rods broke. The 
table below was made by placing against each substance 
the greatest weight that its rod would sustain : 

TABLE SHOWING COMPARATIVE TENACITY OP MATERIALS. 

Cast Steel ; 45 to 60 tons. 

Best wrought iron 25 to 30 ** 

Cast iron 6 to 13 ** 

Copper 9 to 26 " 

Platinum 8 " 

Ash-wood 8 " 

Silver. 6 ** 

Beech-wood 6 ** 

Gold 4^ 

Zinc 2 tons. 

Tin about 1 i to 2 " 

Lead 1 ton. 
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Some animal substances have great tenacity, as the 
thread of the silk -worm, hair, wool, and the ligaments 
and tendons of our bodies and of other animals. 

"The gradnal discovery," says Dr. Arnott, ^* of substances possessed 
of strong tenacity, and which man could yet easily mould and apply to his 
purposes, has been of great importance to his progress in the arts of life. 
The place of the hempen cordage of European navies is still held in China 
by twisted canes and strips of bamboo ; and even the hempen cable of 
Europe, so great an improvement on former usage, is now rapidly giving 
way to the more complete and commodious security of the iron chain — of 
which the material to our remote ancestors existed only as useless stone or 
earth. And what a magnificent spectacle it is, at the present day, to be- 
hold chains of tenacious iron stretched high across a channel of the ocean, 
as at the Menai Strait between Anglesea and England, and supporting an 
admirable bridge-road of safety, along which crowded processions may pour, 
regardless of the deep below or of the storm ; and beneath which ships, 
with sails full-spread, pursue their course unmolesting and unmolested." 

22. Malleability and Ductility. — Those metals which can 
be hammered into thin plates are called malleable. Gold 
furnishes us with the best illustration of this property. 
We have already mentioned (§ 15), that a single grain 
of gold can be hammered out into a sheet the one 
800,000th part of an inch in thickness. An alloy of 20 
parts of gold and 22 of silver is equally malleable. Silver, 
copper, and tin are quite malleable; but the thinnest leaves 
of tin are the one 1600th part of an inch in thickness. 
Most of the other metals are very little so, and some of 
them are not at all, breaking at the first blow. A substance 
is said to be ductile when it can be drawn out into wire. 
The principal metals that have this quality are platinum, 
silver, iron, copper, and gold, and in the order named. 
The celebrated English chemist Dr.Wollaston obtained a 
platinum wire only the one 30,000th part of an inch in di- 
ameter by the following ingenious process. A small plat- 
inum wire was soldered within a cylinder of silver, and 
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the compound wire was drawn out in the usual way as 
fine as possible. The silver was then dissolved off by 
immersing the wire in nitric acid, and the platinum core 
remained about half the thickness of the thread of a 
spider's web. Melted glass is very ductile. It can be 
drawn out into a very fine thread ; and when this thread is 
cut and arranged in bunches, it resembles beautiful white 
hair. In hammering metals into plates, or drawing them 
into wire, there is a considerable change of relative posi- 
tion in the paiticles, similar to that which we have in 
fluids, though nothing like so free. In this change of 
position, those particles that remain in close neighbor- 
hood have a remarkable tenacity or attraction, preventing 
their separation. In welding two pieces of iron, which is 
done by the blacksmith by hammering them together 
when red-hot, there must be enough movement among 
the particles to permit those of one piece to mingle some- 
what with those of the other. 

23. UsefulnesB of Variety in Propertiea of Matter. — The vari- 
ous properties of matter brought to view in this and the preceding chap- 
ters are providential adaptations to the necessities of man. Each substance 
has those properties which best fit it for his use. Iron, for example, de- 
signed bj the Creator to be both the strongest and most extensively useful 
servant of man among the metals, is therefore provided in great abandance, 
and has those strong, decided, and various qualities which fit it for the 
8ei*vices it is to perform. Gold and silver, on the other hand, designed for 
sei^'ices less extensive, and in a gi*eat measure ornamental, are provided in 
very much less quantity, and have properties admirably adapting them to 
the services for which they are so manifestly intended. The same can 
be substantially said of all other substances, and especially of those very 
abundant ones air and water. And it may be remarked also that the 
ingenuity of man is continually discovering new modes of bringing the 
various properties of matter into his sei-vice. We will give but a single il- 
lustration — the tempering of steel. "This discovery," says Dr. Amott, 
**is perhaps second in importance to few discoveries which man has made; 
for it has given him all the edge-tools and cutting instruments by which 
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he now moulds every other substance to his wishes, and to which he owes 
all his modem mechanical improvements. A savage would work for 
twelve months with fire and sharpened flints to fell a great tree or carve 
a rough canoe, where a modem carpenter, with his tpols of hard steel, 
could accomplish the same object better in a few days.** 



QUESTIONS. 

16. What is meant by the porosity of matter? Show that gold is 
porous. Name the kinds of pores, and explain by illustrations. What 
proof is there that all substances have spaces in them ? What is said of 
the amount of space in gases and vapors ? Give the statement in regard 
to steam. What is said of solutions of solids in fluids? What of evapo- 
ration? What of animal and vegetable bodies? Upon what do density 
and rarity depend? — 17. What is said of compressibility? Illustrate. 
What of the incompressibility of liquids? How is the position of the 
particles of liquids affected by a change of temperature ? Which are the 
most compressible substances? — 18. Explain elasticity by reference to a 
rubber-ball. Illustrate by reference to a bent stick. What is said of 
the degrees of elasticity in different substances? Define elasticity. — 19. Il- 
lustrate what is meant by flexibility. What of brittleness? Give ex- 
amples of flexible and brittle steel. Explain the actual difference be- 
tween them. Explain the tempering of steel. What is said of the an- 
nealing of glass ? What of Prince Rupert's Drops ? What of ** tempered 
glass ?" — 20. Upon what does the hardness of bodies depend ? What use 
is made of the different degrees of hardness in minerals ? Name the 
typical minerals. — 21. Define tenacity. What is said of the comparative 
tenacity of substances? Which, metal is the strongest? Which the 
weakest? What is said of the value of tenacious bodies? — 22. What 
is the difference between malleability and ductility? Give examples. — 
23. What is said of the usefulness of the variety of properties in matter ? 
What of the importance of steel ? 
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CHAPTER IV. 

ATTRACTIONS OF MATTER. 

24. Matter attracts Matter. — We have already stated 
that matter is acted upon by forces, and we will now ex- 
plain this more fully. The minute particles of matter of 
which bodies are composed do not touch each otherj but 
even in the densest substances are surrounded by void 
spaces, and these particles are held in their place by at- 
traction between them, each particle of matter attracting 
every other particle. This property invariably accom- 
panies matter of every form and under all circumstances. 
And since tangible masses are made up of small particles, 
what is true of the latter is equally true of the former. 
Every body in the universe attracts with greater or less 
force every other body, however near or distant they may 
be from each other. Sun, earth, moon, and stars attract 
each other; and this power binds them together as they roll 
through space. This force is generally called the attrac- 
tion of gravitation^ a name given to it because we have such 
common examples of its influence in the fall of bodies to 
the earth ; they are said to gravitate towards the earth. 

Whether the mysterious force which binds the minute 
particles of matter together to constitute masses is the 
same as that which controls the motions of celestial 
bodies is as yet unproved. That an attraction actually 
exists between small masses when they are brought ex- 
ceedingly close to each other is easily shown. Thus if 
two cork balls coated with varnish be placed on the sur- 
face of water near to each other, their attraction will soon 
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bring them together. Thin globes of glass will exhibit 
the same attraction. So, also, floating pieces of wood are 
apt to be found together ; and when a ship is wrecked, the 
parts of the wreck collect in tangled masses here and there 
on the surface of the sea as soon as it becomes calm. The 
gravitation between particles and masses of matter may 
possibly be identical, and our appreciation of it depends 
upon their relative size and distance. For convenience 
of distinction, different names have been given to attrac- 
tion according to the distances at which it acts. 

Gravitation is the attraction existing between matter 
at great or appreciable distances, as between the heavenly 
bodies, or between the earth and a stone thrown into the air. 

Cohesion is the attraction between molecules of the same 
kind of matter binding them together to form masses. 

Adhesion is the attraction between molecules of dis- 
similar matter, as exhibited in cements. A peculiar kind 
of adhesion is known as capillary attraction. 

Chemical attraction is the force which binds together 
the atoms of a molecule (§ 8). Its study is the province 
of chemistry and will be fully treated in Part II. 

Explanations and illustrations of the phenomena result- 
ing from these attractions will occupy the remainder of 
this chapter and the succeeding one. 

25. Gravitation. — A stone falls to the ground for precisely 
the same reason that the two cork balls approach each 
other when floated on water (§ 24). It falls owing to the 
attraction which the earth and the stone have for each 
other; in other words, the attraction is mutual. If you 
hold a stone in your hand and thus prevent its falling, you 
simply resist a power which is pulling it down. If it were 
possible to suspend the mutual attraction of the earth and 
the stone, you could release your hold of the stone, and it 
would remain suspended in the air until the attraction bad 
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been restored. The attraction of the earth and the stone is 
really mutaal; bat the earth is so immense in comparison 
with the stone that its motion towards the stone is exceed- 
ingly small, and may practically be considered as naught. 

This may be clearly illustrated by a comparison of the force of attraction 
with the force of mascular action. Suppose a man in a boat pulls on a 
rope which is made fast to a ship lying loose at the wharf, and in this way 
draws his boat towards it. He does not consider that he moves the ship at 
all ; but in reality he does, for if, instead of one, a hundred or more men in 
boats pull upon the ship, they will make the motion apparent. In the case 
of the single boat, the motion of the ship is as real as when a hundred boats 
are pulling it, but it is only the one-hundredth part as great. Now let 
the ship represent the earth, and the little boat some object, as a stone, at- 
tracted by it. The earth and the stone move towards each other, just as 
the ship and the boat do. And if, as we multiplied the number of boats, 
we should multiply the bulk of the stone till it is of an immense size, it 
would by its attraction have a perceptible influence upon the earth. 

Observe in regard to the illustration that it makes no difference whether 
the man pull in the boat or in the ship. In either case he exerts an 
equal force on the ship and the boat, making them to approach each other. 
So it is with the attraction between the earth and the stone. It is a force 
exerted equally upon both. Its effect on the earth is not manifest, because 
it is so much larger than the stone ; just as the effect of the man's exeition 
is not manifest upon the ship, because it is so much larger than the boat. 

Proportion of the Mutual Motions oj" Attraction, — Let us pursue the 
illustration a little farther. If a man stand in a boat, and pull a rope made 
fast to another boat of the same size and weight, both boats, in coming to- 
gether, will move over the same space. Just so it is with the attraction 
between two bodies having the same quantities of matter or equal masses 
— they attract each other equally, and therefore meet each other half-way. 
Suppose, however, that one boat is ten times as great and as heavy as the 
other. The small boat would move ten times as much as the large one 
when the man brings them together by pulling the rope. In like manner, 
if a body one tenth as large as the earth should approach it, they would 
attract each other, but in coming together the body would move ten times 
as far as the earth. In the case of falling bodies, even though they may 
be of great size, the earth moves so slightly to meet them that its motion 
is wholly imperceptible. It has been calculated that if a ball of earth the 

c 
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tenth of a mile in diameter were placed at the distance of a tenth part 
of a mile from the earth, and let fall, the motion of the earth would be only 
the one eighty-thoasand-millionth (gy ooo ' to oinnr) P^^ of an inch. 

26. Attraction Towards tbe Earth's Centre. — All bodies 
are attracted towards the centre of tbe eartli. This is 

because the earth is spherical. Let 
the circle, Fig. 10, represent the 
caith, and a a body attracted by it. 
The lines drawn from the body to 
the earth represent the attractive 
force exerted by the earth upon the 
body. It is obvious from these that 
there is as much attraction on the 
one side of the line drawn from the 
body to the earth's centre as there 
is on the other. The attractive force, 
then, of the earth as a whole is ex- 
erted upon the body in the direction 
of this middle line. It tends to draw it, therefore, towards 
the centre. Consequently, a plumb-line points towards the 
centre of the earth, and it is evident that two weights sus- 
pended by two strings do not hang per- 
fectly parallel to each other. The dif- 
ference is so slight in an ordinary pair 
of scales that it cannot be perceived. 
But if it were possible to suspend in 
the heavens a beam so Ions: as to stretch 
over a large extent of the earth's cir- 
cumference, as represented in Fig. 11, 
the scales attached to it would be very 
far from hanging parallel to each other. 
Substances suspended in different parts 
of the globe arc hanging in different 
directions, and those which are hung Pig.ii. 



Fig. 10. 
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np by our fellow-men on the opposite side of the earth are 
hanging directly towards us. 

Up and Down. — ^All falling bodies fall towards the centre 
of the earth, and the remarks made in relation to suspend- 
ed weights are similarly applicable. Up and down are 
merely relative terms — up being from the centre of the 
earth, and dovm towards it. As the earth moves round on 
its axis, the same line of direc- 
tion which we call upward at 
one time is downward at an- 
other. This may be illustrated 
by Fig. 12. Let the circle rep- 
resent the circumference of the 
earth. In the daily revolution 
we pass over this whole circle. 
If we are at D at noon, we are 
at E at six o'clock, and at F 
at midnight. If, therefore, the 
ball A be dropped from some 
height at noon, the line in which 
it falls will be at risht anorles 
to a line in which it will fall if dropped from the same 
height at six o'clock; for this height will have moved in 
this same time from A to B. If it be dropped from the 
same height at midnight, its line of direction will be directly 
opposite to the first ; for the place of the experiment will 
have moved in that time to C. 

It is not always trae that falling bodies tend exactly towards the centre of 
the earth. The centre does not attract them, bat it is the substance of the 
whole earth ; and since this is irregular in its density and form, the attrac-^ 
tion will be irregular also. Thus it is found by accurate experiments that 
a plumb-line suspended in the neighborhood of a mountain is attracted by 
it, and will not hang exactly parallel with another suspended at some dis- 
tance from the mountain. The difference is not, however, enough to have 
any practical bearing. 
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27. Weight — ^That which we call weight is not a property 
of matter, but merely the resisted attraction of the earth. 
If two bodies fall to the earth, and one of them contain 
ten times as many particles of matter as the other, ten 
times as much force of gravity is required, and is actually 
exerted, to bring it to the ground. This will appear plain 
to you if you bear in mind that a body falls because it 
is drawn down by the force of attraction, and then com- 
pare this force to any other force, as, for example, that of 
muscular action. If you draw towards you two weights, 
one of which is twenty times as heavy as the other, or, in 
other words, has twenty times as great a quantity of mat- 
ter, you must exert twenty times as much strength on the 
former as you do on the latter. So it is with the force of 
attraction. The earth attracts a body having twenty times 
more matter than another with twenty times the amount 
of force. And the first body will have twenty times the 
weight of the other, for it will make twenty times the press- 
ure upon anything that resists the force with which the earth 
draws it. Weight, then, is the amount of resistance to the 
attraction existing between the earth and the body weighed. 
If you place a substance in one side of a pair of scales, it 
goes down because of the attraction between it and the 
earth. By placing weights in the other side until the 
scales are balanced, you find how much is needed to coun- 
teract the resistance caused by the attraction of the sub- 
stance and the earth for each other; or, in other words, 
you find out how much it weighs. In doing this you use 
certain standard weights; that is, certain quantities of mat- 
ter which have been agreed upon by mankind, and are 
called by certain names, as ounces, pounds, grammes, kilo- 
grammes, etc. When a spring-balance is used, the spring 
has been tested by these standard weights, and its scale 
marked accordingly. 
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Weight not Fixed, hut Variable. — Weight does not depend alone 
upon the density of the body weighed, bat also npon the density of the 
earth. For the attraction causing the resistance which we call weight is 
a mutual attraction, and is in proportion to the quantities of matter of 
both the body and the earth. If, therefore, the density of the earth were 
increased twice, three times, or foar times, the weights of all bodies would 
be increased in the same proportion ; that is, the force with which the 
earth would attract them would be twice, three times, or four times as 
great as now. This would not be perceived by any effect on balances, 
for the weights and the articles weighed would be alike inci*eased in 
weight. But it would be perceived in instruments that indicate the 
weights of bodies by their influence on a spring. These would disagree 
with scales and steelyards just in proportion to the inci-ease of the earth's 
density. It would be perceived also in the application of muscular and 
other forces in raising and sustaining weights; every stone would require 
twice, three times, or four times the muscular effort to raise it 

28. "Weight Variea with Distance. — The nearer two 
bodies are to each other, the greater the mutual attrac- 
tion. The nearer a body is to the earth, the greater 
the attraction that draws it towards the earth — in other 
words, the greater is its weight. The force of gravity, 
or weight, is greatest, therefore, just at the surface of the 
earth, and it diminishes as we go up from the earth. As 
we leave the surface of the earth, the force of gravity 
lessens in such a proportion that it is always inversely/ as 
the square of the distance from the centre of the earth. In 
other words, the force of gravity increases or decreases at 
the square of the rate that the distance decreases or in- 
creases. This requires still further explanation. If the 
distance from the centre of the earth to its surface, which 
is 4000 miles, be called 1, then 4000 miles from the earth 
would be called 2, or twice as far from the centre, and 
8000 miles from the earth would be 3, 12,000 miles from 
the earth would be 4, and so on. The squares of these 
numbers are 1, 4, 9, 16, etc. Now, since weight decreases 
inversely as the square of the distance, any object weighing 
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one pound on the surface of the earth would weigh but ^ 
pound at the distance of 4000 miles, and only ^ pound at 
8000 miles. 

An object weighs less on tbe summit of a high mountain 
than in the valley below, because it is farther removed from 
the great bulk of the earth, and is therefore not so strongly 
attracted. The difference, however, is but small; a man 
weighing 260 pounds in the valley would weigh hut half a 
pound less on the summit of a mountain four miles high. 

We have spoken of weight onlj in relation to tbe earth, bat weight is an 
attribute of bodies everywhere, for wherever matter is found there must be 
attraction. 

The weight of the substances on the surface of the different heavenly 
bodies varies according to the quantity of matter in, or density of, those 
bodies. Since the moon is much smaller than the earth, a body which 
weighs a pound on the surface of the earth would weigh much less than a 
pound on the moon. And since the sun is much larger tlian the earth, the 
same body carried there would weigh mu9h more than a pound. 

If we knew the exact densities of the sun and the moon and the eaith, 
as well as their size, we could estimate exactly the difference in the 
weights which any body would have in them; for the attraction which 
causes the resistance called weight is in direct proportion to the quantity 
of matter, and the quantity of matter depends on both density and size. 

29. Cohesion. — ^That form of attraction which binds to- 
gether the molecules of a body is called cohesion. 

Cohesion is stronger in some solids than in others. The 
mason with his trowel easily divides a brick ; but he can- 
not do this with a piece of granite, for its particles have a 
greater attraction for each other than those of the brick. 
A blow which would break a glass dish would not in- 
jure a copper one of the same thickness. A weight that 
would hang securely from an iron wire would break a lead 
wire of the same size ; that is, it would tear the particles 
apart, because they are not strongly attracted to each 
other. Cohesion has different modes of action in different 
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solids. It therefore fastens their particles together in di^ 
ferent ways, and thus occasions the physical properties 
which are so useful to us — tenacity, elasticity, ductility, 
flexibility, etc. 

Cohesion is exerted only between molecules of the same 
kind ; when two masses are made to cohere they must be 
of similar material and must be pressed very closely to- 
gether, because the attractive force is exerted only at in- 
appreciable distances. For this same reason also it is only 
the surface particles which influence the cohesion. 

Examples of cohesion of masses are numerous : two 
highly polished surfaces of glass may be made to stick 
together as if glued, and can only be separated by slid- 
ing one off" the other. 

Before rubber tubing wns n commercial article, it was made by a simple 
process based upon its cohesive property. A piece of sheet rubber of 
suitable length and width is wrapped around a glass or wooden rod, and 
a strip cut ofif, where the edges lap, with a pair of long scissors ; by press- 
ing together the freshly cut surfaces, they cohere firmly, making a perfect 
tube. 

The manufacture of various articles which are made by compressing 
powders until they form solids, as in the case of graphite for lead-pencils, 
sawdust for wooden ornaments, brick-dust for tiles, etc., are examples 
of practical applications of cohesion. 

If you cut two bullets so as to give to each a veiy smooth flat sur- 
face, yon can make them cohere quite strongly by pressing them to- 
gether, especially if yon give a little turning motion at the same time that 
you press, for this will bring the particles on the surfaces in close con< 
tact. If the balls of lead are quite large and furnished with handles, as 

represented in Fig. 13, it will require 
considerable force to separate them 
when they have been thus pressed to- 
Fig. 13. gether. 

30. Cohesion in Liquids. — In liquids the attraction be- 
tween the particles is very feeble compared with that in 
solids. The strength of the attraction of particles of steel is 
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about three million times that of the panicles of water. 
The estimate is made in this way: We find that a steel 
wire will sustain a weight equal to 39,000 feet (11.887 kilo- 
metres) of the wire. But a drop of water hanging to the 
end of a stick cannot be more than one sixth of an inch 
(42 millimetres) in length ; that is, water will hold together 
by the attraction of its particles only to this extent, which 
is a little less than the three-millionth part of the length 
of steel wire which could hang without breaking. 

The freedom with which the particles of a liquid move 
among one another is due to the comparative feebleness 
of cohesion, and to the fact that the molecules are more 
widely separated than in solids. This mobility of liquids 
varies considerably according to the intensity of the co- 
hesive power; in limpid liquids, such as ether, alcohol, 
naphtha, etc., the force of cohesion is very feeble, while viscid 
liquids, such as oil, molasses, glycerin, etc., are sluggish in 
their motions, being hampered by greater cohesion of their 
particles. For this reason, too, drops of viscous liquids are 
much larger than those of mobile ones poured from the 
same bottle ; sixty drops of water fill the same measure as 
one hundred of laudanum when poured from a lip of the 
same size. A knowledge of this and similar facts is of im- 
portance to physicians and- druggists. 

31. Globular Shape of Drops of Liquid. — Since the parti- 
cles of a liquid move thus freely among each other, the 

attraction of cohesion disposes them to 
assume a globular or spherical shape. 
The reason of this can be made plain 
by Figs. 14 and 15. The ^outside of a 
[)ei-fect sphere is all at the same dis- 
tance from the centre ; and the circum- 
ference of a circle is equidistant from 
Fig. 14. the centre, as represented in Fig. 14. 
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But this is not true of all parts of the surface of a cube or 
of a square : a, for example, is farther from the centre than 
b. Now in a drop of liquid all the particles are attracted 
towards the centre, for in that line from each particle lies 
the largest number of particles to attract it. This can be 
made obvious by taking some point in the drop, as repre- 
sented in Fig. 15, and drawing lines 
from it through the centre and in 
other directions. If a be the point 
in the drop, it is plain that the line 
from it through the centre is longer 
than ab ov a c. Therefore a parti- 
cle, a, will be attracted towards the 
centre rather than in the direction Fig.io. 

ab ov a c, because there are more particles in the direction 
of the centre, atid the more particles there are the stronger 
is the attraction. But this is not all. The particles in the 
line a c, tending to make a go towards c, are balanced by 
the particles in the line a e, tending to make it go towards 
e. The two lines of particles, therefore, together tend to 
make it go in a middle line between them; that is, to- 
wards the centre, just as two strings pulling equally, the 
one to G and the other to €, would make a body, a, move 
in a middle line between these two directions. The same 
can be shown of the two lines of particles a b and a d^ 
and so of any other two alike in situation on each side of 
the line through the centre. The tendency of every par- 
ticle is, then, to move towards the centre, and a globular 
form results. 

32. The Spherical Form in Different Liquids. — The dis- 
position to form a sphere is seen more distinctly in mercury 
than in any other liquid. If you drop a little of it upon a 
plate it separates into globules, which roll about like shot. 
Why does water behave differently? Why do the drops 

C2 
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of water hang upon the window-pane, showing only in 
an imperfect way their disposition to a globular arrange- 
ment ? It is because the particles of water have a greater 
attraction for other substances, and less attraction for each 
other, than the particles of quicksilver. Water sometimes 
exhibits its disposition to form spheroidal drops on the 
leaves of some plants, and rolls about in balls like mercury. 
This is because there is something on the surface of the 
leaf which repels rather than attracts the water. If you 
put your finger, however, on one of these drops, it will alter 
its shape, and your finger will be moistened, because there 
is an attraction between the particles of your skin and 
those of the water. Take another illustration of this dif- 
ference in attraction. If you drop a little oil upon the 
surface of water it will float about in round drops. This 
is because the water repels the oil. But when oil is spilled 
upon wood or cloth their particles have so strong an at- 
traction that they unite, instead of gathering into little 
round masses as they do on the surface of water. 

Manufacture of Shot, — We have a good example of the tendency of 
fluids to form spherical drops in the manufacture of shot. Melted lead 
is ponied into a large vessel, in the top of the shot-tower, having holes in 
its bottom, from which the metal falls in drops. Each drop, as it whirls 
round and round in its fall, takes the globular form. By the time that it 
reaches the end of its journey, about two hundred feet, it becomes so far 
cooled as to be solid, and as it is received in a reservoir of water, its glob- 
ular form is retained. Bullets cannot be made in this way, because a 
quantity of melted lead sufficient to make a bullet will not hold together 
in a globular form. 

33. Spherical Form of the Earth and the Heavenly Bodies. 
— It is supposed that the sun, moon, earth, and all the heav- 
enly bodies were once in a liquid state, and that they owe 
their spherical shape to this fact. As they whirled on 
in their course, the liquid mass gradually cooled, and at 
length they acquired their present state. How all the 
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mighty changes could be ejected hi our eai-th, converting 
it from a liquid into a body with a solid crust, having such 
a diversity of substances in it, and so variously arranged, 
with its depressions containing water, and the whole cov- 
ered with its robe of air fifty miles in thickness, we cannot 
fully understand. And yet there are some portions of the 
process which chemistry and geology have revealed to us, 
giving us some glimpses of the wondei-s which, during the 
lapse of ages, God wrought in our earth in preparing it 
for the habitation of man. 

34. Gryatalllsatlon. — The attraction of cohesion is not in 
nit cases uniformly strong in all diiections around u mole- 
cule, and when the particles are free to move they ul'ten 
assume a more or less regular arrangement, becoming ays- 
taUine. This happens most frequently when a snbstanco 
passes from a liquid state to a solid one, and when it is de- 
posited from A solution. 

The process of crystallization is readily studied by slow- 
ly cooling saturated solutions of certain chemical sub- 
stances: alum, saltpeter, sniphatc of copper, borax, and 
other substances. Tliere is an immense variety of crys- 
talline forms, the study of which is pursued in connection 
with the science of mineralogy; we 
can here merely indicate a few of the 
forms which substances assume. Com- I 
nion salt crystallizes in cubes. Fig. 16; ' 
alum in octahe- 
dra,orcight-sided 
figures, Fig.l7. 
. (Jrystallme lorms 
are also assumed by many minerals: 
the bright-red garnet (.■rystailizes in 
the form shown in Fig. 1 B, and quartz 
Fig.iT. takes the form of Fig, 19. All the 
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Ifiecious Btones have a oryB- 
lalline sti-ucture, and eveu 
tlie common rocks under your 
ftet exhibit the same crystal- 
line dispoEition in detail whicli 
you see ia the masn. I 

pig.ia Water, when it changes 

into a solid, shows the same disposition, of 
wliich the crystals of the snow and the frost- 
work on our windows are familiar examplea ^" ' 
When snow forms, the water of the clouds is suddenly 
crystallized by the cold air, the particles taking their 
I'egular places more readily and certainly than if they 
were guided by intelligence, because in obedience to an 
unerring law established by the Creator. Examples of 
this sudden crystnjjizatiou of water are common. TJie 
water in a pitcher may remain fluid, although it is cooled 
down to the freezing-point, and even below it, if it be kept 
perfectly rIiII. IJiit on agitating the pitcher the water at 
once becomes filled with a net-work of ice-crystals. TJie 
stillness of the water pi-evented its particles fi-oni taking 
the crystalline arrangement needed for the formation of 
ice; and the shaking of the particles assisted the motion 
necessary to the assumption of a crystalline fonn, 

35. Prost and Snow. — The frost-work on our windows is 
a wonderful exhibition of the variety of forms that crystal- 
lization can produce. It sometimes presents figures like 
leaves and flowers, such as are chased on vessels of silver, 
but much more delicate and beautiful. So varied and fan- 
tastic ai-e the forms in which these water-crystals arc ar- 
ranged, that it is very natnral to ascribe them, as is done 
universally in the dialect of the nursery, to the ingenuity 
of a strange and fanciful spirit. Every snow-flake is a 
bundle of little crystals as regular and beautiful as the 
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crystals which you go much ad- 
mire in a mineralogtcal cabinet. 
And there is great variety in the 
grouping of these crystals. Figs. 
SO and 21 show some of these 
forms as they appear under the 
microscope. 

It ia a Tei7 quick operation by which the 
particles of naier in the cloads thus mar- 
shal themwIveB, as if bf magic, in these 
regular forms. Bat a qoicker operation 
is that b; which hail is formed — so quick 
that the particles have not time to arrange 
themselres in ctystalline forms, but are haddled together uiihout order. 
The brilliant and glistening whiteness of the snow is oning to the reflec- 
tion of light from its minute crjGtals. In tha arctic regiuus ihc tieauly 
of the snow is often much greater than with na. "The snow crj-tnls of 
last night," sajs Captain M'ClinCock in his "Discovery of the i'ai^ of Sir 
John Franklin," "were extremelj beautiful. The largest kind is an inch 
in length; its form exactly resembles the end ofa pointed feather. Stellar 
ci^stals two tenths of an inch 
in diameter have also fullen; 
these have sis points, and 
are the most exquisite things 
when seen nnder a micro- 
scope. In the sun, or ci-cii 
in moonlight, all these ci-ys- 
tals glisten most brilliantly; 

ging are abundantly covered 
with them, the /'oi never 
was so gorgeously amiyed as 
she iioiv sppears." 

Oj-dey in Nature. — 
We see in this gen- 
eral tendency to erys- 
nj^U. tallization a striking 
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illustration of the fact that the Almighty is a God of order. 
Disorderly 'arrangement is never seen except where there 
is an obvious necessity for it. And even when there is ap- 
parent disorder, a little examination generally shows that 
essentially there is order. The rocks that give so much 
variety to scenery seem to be piled up in confusion, yet or- 
der has evidently reigned in their construction. Pick up a 
common stone, and on breaking it you will see the crystal- 
line arrangement in its interior. Nay, more, much of the 
very soil is made up of sepai*ated and broken crystals. 

Amorphous Bodies, — Substances which possess no regu- 
larity of structure are termed amorphous^ that is, without 
crystalline form. Glue, soap, clay, chalk, and many min- 
erals are amorphous. .Some substances may occur at one 
time in a crystalline state and at another without any trace 
of regularity of form. Carbonate of lime is one of these, 
being crystalline in limestone, Iceland spar, and various 
minerals, while in the form of chalk it is amorphous. Met- 
als, too, may occur both amorphous and crystalline. The 
attraction of cohesion, which produces crystalline forms, 
leads to peculiarities of structure which receive special 
names, as "hard," "brittle," etc., as already explained in 
Chapter III. 

QUESTIONS. 

24. What is said of the attraction of matter ? What is the force gener^ 
ally called, and why ? Show that attraction exists between small masses. 
Name and define the different kinds of attraction. — 25. What is sard of 
gravitation ? Illustrate the fact that attraction is mutual. Illustrate also 
the proportions of the mutual attractions. What is said of the motion of 
the earth? — 26. Explain why bodies are attracted towards the earth's 
centre. How does this affect plumb-lines suspended at some distance from 
one another? Show that up and down are only relative terms. Why do 
fsdiing bodies deviate from a line drawn exactly to the earth's centre? — 
27. What is weight? Give the comparison in regard to muscular foi-ce. 
What is said of scales and weights? What of using springs in weighing? 
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— 28. What would be the effect on weight if the density of the earth were 
increased ? In what ways would this be perceived ? — 29. What is said of 
the variation of weight with distance ? Explain the law. What is said of 
the difference of weight on mountains and in valleys ? What is said of 
the weight of bodies on the moon? — 30. What is said of cohesion? Give 
examples of cohesion. Describe the experiment with two bullets. — 81. 
What is said of cohesion in liquids? What of the mobility of liquids? 
What causes some liquids to be limpid and some viscid? Explain by 
reference to Figs. 14 and 15 the globular form of drops. — 32. Give the 
difference between mercury and water in regard to the spherical form. 
What is said of drops of water on leaves ? What is said of oil in ref- 
erence to attraction? Describe and explain the manufacture of shot. — 
33. What is said of the spherical form of the earth and the heavenly 
bodies? — 34. What is said of crystallization ? State the examples cited. 
What is said of the crystallization of water ? Give and explain the ex- 
ample of sudden crystallization. — 35. What is said of frost-work ? What 
of snow? What is stated in regard to the snow- crystals of the arctic 
regions ? What is said of order in nature? What of amorphous bodies? 



CHAPTER V. 

ATTEACTIONS OP MATTER (CONTINUED). 

36. Adhesion. — Adhesion is the attraction between dif- 
ferent kinds of matter, as between solids and liquids, or 
between glue and wood. When a glass article is broken 
you cannot unite the pieces, however accurately you may 
bring them together, or however firmly they may be 
pressed. This is because the power of cohesion acts strong- 
ly only when the molecules are brought very near to- 
gether; and it is impossible to bring the particles on the 
two suifaces of a broken piece of glass as near together as 
they were before the fracture. If it were possible so to do, 
no crack would be visible. We are obliged therefore to 
resort to some kind of cement; this causes the two surfaces 
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to adhere because, while soft, it insinuates itself among the 
particles of glass, and on drying becomes a bond of union 
between the broken fragments. In adhesion as well as in 
cohesion only the surface layer of molecules exert any in- 
fluence, consequently a mere film over a surface suffices to 
alter its adhesive power, as when a glass is greasy. 

Examples of the adhesion of solids are familiar: silver 
and gold may be made to adhere to iron by a very great 
and sudden pressure. The iron must be made very smooth, 
and the silver or gold plate very thin. A powerful blow 
brings the particles of the thin plate into such nearness to 
those of the iron that union is affected, or, in other words, 
they attract each other sufficiently to be united. Similarly, 
a sheet of tin and one of lead can be made to adhere so as 
to form one sheet by the pressure of the rollers of a roll- 
ing-mill. 

37. Adhesion of Solids and Liquids. — ^The attraction which 
solids and liquids have for each other furnishes us with 
many interesting phenomena. The adhesion of drops of 
water to glass and other solids is a familiar example of this 
attraction. If you dip your hand into w^ater, it is wet on 
taking it out, because your skin has sufficient attraction for 
the water to retain some of it. A towel will retain more 
of it for two reasons : owing to the interstices between its 
fibres it presents much more surface to the water (see § 39, 
Capillary Attraction), and it has none of the oily substance 
which on your skin, though in small quantity, serves some- 
what to repel the water. 

If you dip your hand into mercury the latter will not 
adhere to it, and it would seem that the skin has an at- 
traction for water and none for mercury. This, however, 
is only apparent, for a small globule of mercury will adhere 
to the finger, though if it be brought in contact with a 
larger amount of mercury the globule leaves the finger and 
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loses itself in the liquid. This shows that liquids wet solids 
when the adhesion of the liquid to the solid is greater than 
the cohesion of the liquid. 

The attraction of solids and fluids for each other is shown 
very prettily in the experiment represented in Fig. 22. A 
plate of glass is attached by strings to one end of a bal- 
ance, and weights just sufficient to balance it are placed in 




Fig. 22. 

the opposite scale. When the glass is brought in contact 
with water, it will require additional weight in the scale to 
separate the glass from the water. This experiment, how- 
ever, does not measure the adhesion of the glass and water 
accurately, because we cannot detach the plate of glass 
clean and dry; it merely measures the force necessary to 
overcome the cohesion of the liqujd. 

Further Illustrations. — When you see stems of 
plants rising above the surface of stagnant water 
you will observe that the water is considerably 
raised about them. This is from the attraction be- 
tween them and the water. For the same rea- 

son water rises higher at the sides of a tumbler Fig. 23. 

than in the middle. If you immerse a piece of glass in water, the 

water will rise at its sides as represented in Fig. 23. If you immerse two 
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pieces together, tm in Fig. 24, the water will riae higher between them than 
on the outside, because (he pnrticlee between are atlracied b; two sariaces, 
while those outside are stlrBcCed bj onlf one. It is for the same reaswi 



Fig. at Kla,«. 

that two men can raise a weight higher than one of them can alone. And 
if tlie piecea of glass be hroaght quite near together, as in Fig. 25, the 
nniei' nill be raised higher still, because there is less to be raised by the 
tuo surfaces. Just as two men can raise a small weight higher than they 
can a large one. The same 
thing may be beautifully illus- 
trated in this way : Let two 
pieces of gloss, tta represented 
in Fig. 26, be immersed in col- 
ored water, with two of their 
edges joined togeiher, the op- 
posite edges being separated. 
The height to which the floid 
rises will make a curved line, it 
being lowest at the edges which 
are separated, and highest at 
Fig. so. the edges which are joined. 

38. Rise of Uqnlds in Tubes. — For tlie ssme i-cason that 
water rises higher between plates of glass than outside, it 
will I'ise higher within a tube than on the outside. The 
diagi'ain in Fig. 27 will make this clear. It i-epresents a 
ti-unsverse section of a tube, enlarged so that the demon- 
stration may be plain. Consider the case of one particle 
on the inside and another on the outside at equal distances 
from the glass. It is evident that the panicle a is not so 
near to as many paiticles of the glass as is the particle & 
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The lines drawn show this. The longest lines extending 
from the particles a and b to the 
glass are equal in length ; that is, 
a e and af are equal to b g and 
b h. It is clear, therefore, that all 
the glass between the lines at c 
and d is as near to the particle b 
as the glass between the lines at 
e and f is to the particle a. But 
this is not all. The particle b is *^^^-^^- 

near enough to the whole inside of the tube to be attracted 
by it, while very little attraction is exerted upon a by any 
part of the glass beyond that which is included between e 
and /. The same difference can be shown with regard to 
all the particles on the inside of the tube compared with 
those outside. The former are nearer to more particles of 
the glass than the latter, and therefore are more strongly 

attracted. Again, the nearer the 
plates of glass, the higher the water 
rises between them ; so the smaller 
the tube, the higher will the water 
rise in it. You can try the experi- 
ment by immersing in water glass 
tubes of different diameters, as rep- 
resented in Fig, 28. It is obvious that the particle b (Fig. 
27) would not be very strongly attracted by the part of 
the tube opposite if the tube were a large one ; but it 
would be if the tube were very small, 
for then it would be quite near to that 
part. Since glass is not wet by mer- 
cury, a tube plunged into this liquid 
causes a depression without and with- 
in. Fiijs. 29 and 30 show the contrast 
between water and mercury. 




Fig. 28. 




Fig. 29. 



Fig. 30. 
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39. Capillary Attraction. — The term capillary (derived 
from the Latin word capilla, hair) has been commonly ap- 
plied to the attraction exhibited under the circumstances 
just noticed, because it is most obvious and was first ob- 
served in tubes of very fine bore. The same term is used 
when the attraction is seen in the rising or spreading of a 
liquid in interstices as well as in tubes. Thus capillary 
attraction causes the rising of oil or burning-fluid in the 
wicks of lamps. The liquid ascends in the interstices, or 
spaces, between the fibres, as it does in the spaces of tubes. 

Other Examples, — If yoa let one end of a towel lie in a bowl of water, 
the other end lying over upon the table, the whole towel will become wet 
from the spreading of the water among the fibres in obedience to capillary 
attraction. If you suspend a piece of sponge so that it merely touch the 
surface of some water, or if you lay it in a plate with water in it, the 
whole sponge will become wet. So, too, if you dip the end of a lump of 
sugar in your tea, and hold it there a little time, the whole lump will be 
moistened. In very damp weather the wood-work in our houses swells 
from the spreading of water in the pores of the wood in obedience to 
capillary attraction. Especially is this the case in basement rooms, 
where the water can ascend from the ground in the pores of the walls, 
as well as from the damp air. In watering plants in pots, if the water 
be poured into the saucers, it will pass through the earth by capillary 
attraction. For the same reason plants and trees near streams grow 
luxuriantly, being abundantly supplied with water, which rises to their 
roots through the pores of the soil. The disposition of the wood to imbibe 
moisture in its pores has sometimes been made use of very efiectually in 
quarrying out millstones. First a large block of stone is hewn into a 
cylindrical shape. Then grooves are cut into it all around where a sepa- 
ration is desired, and wooden wedges are driven tightly into them. These 
are then moistened with water, and eventually swell so much as to split 
the stone in the direction of the grooves. Blotting-paper furnishes an 
illustration of capillary attraction, the ink being taken up among the fibres 
of the paper. Ordinary writing-paper will not answer as a blotter, because 
the sizing fills up the interstices between the fibres. 

As already stated (§ 38), whenever a body is wet by a 
liquid, a rise of its surface ensues ; but when otherwise. 
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a depression takes place. Thus a sewing- needle washed 
with alcoliol is easily wet hy water when placed on its 
sui-face, and sinks immediately; when, however, the same 
needle is somewhat greasy, so that it can make a depres- 
siOD, it will float. Some insects which skip about on the 



sntface of the water are protected from being wet by it. 
The feathers of water-fowl are always slightly oily, aod thus 
they remain quite dry even when swimming in the water. 

40. OppOBitloD between the Modes of Attractloii. — Al- 
though adhesion and gravitation are essentially the same 
thing, we see them continually acting in opposition to 
each other. Abundant illustrations might be given, but 
we will cite only a few 

If yon pour water out of i tnmbler there is a stiuggle 
between the attiaction of ndliesion and gi-iMtation for the 
mastery — the attiaction of adhesion tending to make the 
water adhere to the tumblci, iiid lun down its side is in 
Fig. 32, and gravita 
tion tending to make 
it fall straight dort 11 
But when watei 1 
poured out of apilcl 
er, as in Fig. 33, the 
lipofthepitchei acts 
in favor of the at 
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traction of gravity ; for the water would liave to turn a 
very sharp corner to run down the outside of the pitcher 
in obedience to adhesion. In pouring water from a tum- 
bler, we can often, by a quick movement, throw the water, 
as we may say, into the hands of gravity before the attrac- 
tion of adhesion can get a chance to turn it down the 
tumbler's side. If you can only make the water begin 
to run from the tumbler without going down its side 
there will be no difficulty; for there is an attraction of 
cohesion between the particles of the water, tending to 
make them keep together, which in this case acts against 
the adhesion between the water and the glass, and there- 
fore acts in favor of gravitation. It is adhesion together 
with cohesion that forms the drop on the lip of a bottle 
as we drop medicine — cohesion between the particles of 
the liquid, and adhesion between the latter particles and 
those of the glass. It is gravitation, on the other hand, 
that makes the drop fall, it becoming so large that the 
force of gravity overcomes the adhesion between the drop 
and the bottle. 

Size of Drops Influenced by Gravitation, — Were it not for the attraction 
of gravitation, there would be no limit to the size of drops of any liquid. 
When the drop reaches a certain size, it falls because it is so heavy ; or, 
in other words, because with its slight adhesion the attraction of the earth 
brings it down. Now if this attraction could be suspended, and the at- 
traction of adhesion left to act alone, particles of water might be added to 
the drop to any extent, and they would cling there. You can see the 
struggle between adhesion and gravitation very prettily illustrated if you 
watch the drops of rain on a window-pane. If two drops happen to be 
quite near together, they unite by attraction, and then, being too large to 
allow of its being retained there by adhesion in opposition to gravitation, 
the united drop runs down. If it meet with no other drop, it soon stops, 
because by adhesion some portion of it clings to the glass all along its 
track, and thus becomes small enough to again admit of suspension. It 
is owing to the influence of the attraction of gravitation that the drops of 
different liquids differ in size, the heavier yielding small, and the lighter 
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large ones. You have another illustration of a similar character in the 
adhesion of chalk to a black-board or any surface. The chalk crayon 
itself cannot adhere, for the attraction of the earth does not permit it. 
Bat small quantities of it can adhere for the same reason that water ad- 
heres to surfaces in small quantities. Dust also clings to the vertical sidei 
of fiimitare, though a lamp of earth woald not. 

41. Size of Solid Bodies Limited by Qravitation. — We can 
illustrate the limitation of size in 
solid masses by Figs. 34 and 35. 
Suppose that a and b^ Fig. 34, are 
two pieces of timber projecting 
from a post, b being twice as 
large as a. It is evident that b 
cannot support twice as much 
weight as a, for gravitation is 
dragging it downward from its 
connection with the upright post 
with twice the force that it does 
a. The ease is still stronger 




Fig. 34. 
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when, as represented in Fig. 35, 
the larger timber is twice as long 
as the smaller. Here d has four 
d d times the bulk of c. But it can- 
not support four times as much 
weight at its end, not only be- 
cause' its own weight presses it 
downward, but because half of 
its weight is at a greater distance 
from the place of attachment than the smaller beam is. 
Gravitation here opemtes in opposition to cohesion in such 
a way that the projecting timber, if carried to a certain 
size, will fall by its own weight, either breaking in two or 
tearing away from its attachment. This tendency is very 
commonly resisted in buildings and other structures by 



Fig. 35. 
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braces, as represented in Fig. 36. Here 
the weight of the horizontal timber at 
some distance on each side of a is made 
to press upon the upright post instead 
of directly downward. 

The above Principles Transgressed by Man, — 
Man often transgresses these principles in his struct- 
ures. For example, a building settles because the 
*^' foundation is not strong enough to bear the super- 

incumbent weight. In other words, the force of gravitation is not suffi- 
ciently taken into account. When a yeiy tall building is erected, the 
lower portions ought to be made of verj cohesive substances. Firm 
granite is therefore an appropriate material for the lower story of tall 
brick buildings. At least the walls of the lower stories of such buildings 
should be made thicker than usual, to resist properly the force of gravita- 
tion in the weight above. Stores intended to bear much weight on their 
floors are often built without due regard to the cohesive force required to 
sustain the weight. Long timbers are sometimes supported only at the 
ends, when their own weight, to say nothing of what may be brought to 
press upon them, requires that they should be supported at other points. 
While in modem buildings the timbers are often too small, in some old 
buildings the upper timbers are so heavy as to lessen rather than increase 
the strength of the structure. Especially is this true of the unsightly 
beams which in some very old houses we see extending along the ceilings. 
Many other examples could be given, but these will suffice. 

42. Adhesion, Cohesion, and Gravitation the Same. — We 

again refer to the statement made in § 24, that cohesion, 
adhesion, and gravitation are only different modes of 
action of the same power, viz., the attraction which mat- 
ter everywhere has for matter. At first thonght it would 
appear that there is something peculiar in the attraction 
of particles when they are brought together so as to ad- 
here. For if we take any substance — a piece of glass, for 
example — its particles seem to be held together by an 
attraction vastly stronger than that attraction which in- 
clines different bodies to move towards each other. If 
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you break the glass, however closely you may presa the 
two pieces together, they will not unite again. It would 
seem, at £rst view, that there must be some peculiar ar- 
rangement of the particles which is destroyed by breaking 
the glass. But we can readily account for the facts in 
another way. The attraction between bodies of matter 
is greater the nearer we bring them together. The nearer, 
^for example, the moon is to any portion of the earth, the 
greater the attraction which it exerts, as seen in the tides ; 
and if it were much nearer to the earth than it is, our tides 
would prove very destructive. What is true of masses 
is also true of the paiticles of which they are composed. 
Though their attraction is comparatively feeble when at 
a distance from each other, it increases not in the arith- 
metical, but the geometrical ratio as they approach; so 
that when they are exceedingly near together the attrac- 
tion is very powerful. It must be remembered in regard 
to the pieces of broken glass that you cannot bring the 
particles on their surfaces as near as they were before the 
glass was broken; and the attraction being inversely as 
the square of the distance, a little distance must make a 
great difference. The particles of some substances you 
can bring so near together as to cause adhesion, as in the 
case of the two bullets (§ 30). That their adhesion depends 
merely upon their particles being brought near to each 
other appears from the fact that the smoother you make 
the surfaces, the more strongly will they adhere. And the 
reason that liquids and semi-liquids adhere so readily to 
solid substances is that their particles, moving freely among 
each other, have thus the power of arranging themselves 
very near to the particles of the solid. Thus, when a drop 
of water hangs to glass, all the particles of water in that 
part of the drop next to the glass touch, or rather are 
exceedingly near to, the particles of the glass. 

D 
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43. Chemical Attraction. — ^The kinds of attraction hith- 
erto explained in this work belong to the study of Natu- 
ral Philosophy, but another kind, known as interatomic or 
chemical attraction, is capable of producing the most won- 
derful effects. The former produce chiefly mechanical ef- 
fects, while chemical attraction goes farther and affects the 
composition of substances. For example, the attraction be- 
tween the two gases oxygen and hydrogen, which makes 
them combine to form water, belongs to Chemistry ; while 
that which makes the particles of water cohere is in the 
province of Natural Philosophy. You will learn more 
about chemical attraction in Part IL of this series. 

Variety in the Results of Attraction, — It is one and the 
same force, then, which binds the particles of a pebble 
together, and makes it fall to the ground — which " moulds 
the tear" and "bids it trickle from its source" — which 
gives the earth and all the heavenly bodies their globular 
shape, and makes them revolve in their orbits. How 
sublime the thought that one simple principle which gives 
form to a drop extends its influence through the immensity 
of space, and so marshals " the host of heaven " that, with- 
out the least interruption or discord, they all hold on their 
course from year to year and from age to age ! Thus Om- 
nipotence makes the simplest means produce the grandest 
and most multiform results. 



QUESTIONS. 

36. What is adhesion ? Why can you not make the surfaces of broken 
glass adhere? Explain the cementing of glass. How may silver and gold 
be made to adhere to iron ? What is said of the adhesion of tin and lead ? 
— 37. What is said of the adhesion of liquids to solids ? What of the ac- 
tion of mercury ? Describe an experiment showing the adhesion of solids 
and liquids. What is said of stems in stagnant water ? Explain Figs. 23, 
24, and 25. Explain Fig. 27. — 3d. Explain the rise of fluids in tubes by 
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Fig. 28. How does mercury act with respect to tubes plunged into it ? — 
39. What is meant hj capillary attraction? Give femiliar examples of 
the rising of liquids in interstices. Describe and explain the process of 
getting out millstones. How does a blotter differ from writing-paper? 
Describe the experiment with a sewing-needle. What is said of certain 
water insects ? — 40. What is said of the various results of attraction? Ex- 
plain fully why you can pour water from a pitcher easier than from a tum- 
bler. Explain the operation of the quick movement by which you prevent 
water from running down the side of a tumbler in pouring it out What is 
said of dropping from a vial ? How is the size of drops limited ? What 
is said of the movements of drops on window-panes ? Why do the drops 
of different liquids vary in size? Give the illustration about chalk. 
Give that about dust. — 41. Illustrate the limitation of size in solid masses. 
Show how these principles are transgressed by man. ^-42. Give the sum- 
mary referring to the connection between the different ways in which at- 
traction is exerted. — i3. Wherein does chemical attraction differ from the 
otlier kinds ? What is said of the variety in the results of attraction? 
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44. Centre of Gravity niuatrated. 
on your finger as in Fig. 37, 
it balances when there is just 
as much weight on one side as 
on the other. Now just over 
your finger, in the middle of 
the ruler, there is a point called 
the centre of gravity; or, in 
other words, the centre of the 
weight of the ruler. This point 
is indicated in the fiorure. 
There is as much of the weiirht 
of the ruler on the one side of 



— If you support a ruler 




Fig. 37. 
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this point as on the other, and also &b mach above it as be- 
low it. If your finger should be a little to the one side or 
the other of this point, the rttler wonld not be balanced, and 
would fall. When balanced, it does not fall, simply because 
this central point is supported by being directly over the 
end of the finger. The whole weight of the ruler, then, 
may be considered as practically concentrated at that point, 
for all the downward pressure of the ruler is there exert- 
ed. When the ruler is balanced on the fiuger as repre- 
sented in Fig. 38, it will maintain 
its position so long as its centi'e of 
gravity is directly over the point 
of the finger. If it be to the one 
side or the other, as in Fig. 39, 
it is not supported, and the rnler 
therefore falls. Yon see, then, that 
when a body is balanced, the cen- 
tre of gravity lies directly over the 
point of BupporL If, on the other 
hand, a body is suspended, the cen- 
tre of gravity is directly under the 
point of support. 

If a plumb-line from the centre 
of gravity of any body could be 
prolonged into the earth, it would 
go directly to its centi'e. The body 
xnaiy be considered as making all its 
pressure fi-oni its centre of gravity 
Fig.33. Fig-M. towards the centre of the earth, in 

obedience to the attraction of gravitation. The best 
definition, then, that we can give of the centre of grav- 
ity is, t/uzt point in a body from which proceeds its 
pressure as a whole towards the centre of the earth. It 
is that point, therefore, the support of which insures the 
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Fig. 40. 



support of the whole body. And in speaking of the 
weight of a body, or its downward pressure, we may con- 
sider all the matter composing it as collected or concen- 
trated in that point. The body, therefore, can be balanced 
in any position in which this point is supported, as shown 
in Figs. 31 and 38. When a body is suspended, it is at 
rest only when the centre of gravity is directly under the 
point of support. Thus, if you have a circu- 
lar plate suspended at E, Fig. 40, it will not 
be at rest when moved to the one side or the 
other, ^s represented by the dotted lines, but 
only wh^n the centre of gravity, c, is directly 
under the point E. 

45. How to Find the Centre of Gravity of a Body. — If you 
take a piece of board, and suspend it at a. Fig. 41, and 

hang a plumb-line 
from the same point, 
the centre must be 
somewhere in that 
line. But exactly at 
what point it is you 
do not know. How 
will you ascertain 
this ? Mark the line 
ac on the board, and 
suspend the board by another point, as in 
Fig. 41. ipig. 42. Since the centre of gravity must 
be somewhere in the plumb-line as it now hangs, of course 
it is where the two lines ac and bd cross, and the board 
suspended by a cord attached at this point will remain 
evenly balanced. 

Scales and Steelyards, — When two bodies are connected by a rod or 
bar, the centre of gravity of the whole is somewhere in the connecting rod. 
If the two bodies be equal in weight, as in Fig. 43, the centre of graidty is 
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exactly in the middle of the rod, as marked. But if the bodies are nn« 
equal, as in Fig. 44, the centre of gravity is nearer to the larger body than 

o Q G — -e 

Fig. 43. Fig. 44. 

to the smaller. In weighing a body in one pan of a balance by means of 
weights placed in the other, we have a case parallel to that of Fig. 43. The 
centre of gravity of the body weighed, the weights and the pans, as a whole, 
is midway between the scales, at the p<Hnt of support In the steelyard 
the heavy body to be weighed is nearer the centre of gravity than the small 
weight on the long arm, and so the case is similar to that of Fig. 44. 

46. The Centre of Gravity of a Body not Always in the 
Body itself — The centre of gravity of a hollow ball of 
uniform thickness is not in the snbstance of the ball, but 
it is in the centre of the space within the ball, for the line 
of the balPs downward pressure is situated at that point. 
If the ball had a framework in it, as represented in Fig. 45, 

the centre of gravity wonld obvious- 
ly be at A, the centre of this frame- 
work. But if there were no frame- 
work, and perpendicular lines were 
\^ supposed to be drawn from different 
points of suspension, C, B, D, and E, 
these would intersect at the point A, 
showing that this is the centre of 
^' ' gravity, according to the rule for 

finding it given in § 45. In like manner, the centre of 
gravity of an empty box, or of an empty ship, is an imag- 
inary point in the space inside. In a hoop it is the centre 
of the hoop's circle. 

47. The Centre of Qravity Seeks the lK>west Point. — 
The centre of gravity always assumes the lowest place 
which the support of the body will allow. In a hanging 
body, therefore, it is always directly under the point of 
suspension. To reach one side or the other of this posi- 
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tion, it must rise. This the attraction of 
gravitation forbids, and if by any force it is / 

made to rise, this attraction at once brings / 

it back. This is manifest in the case of a / 

suspended ball. Fig. 46. If the ball be / 
moved to 5, it will, on being let go, return ^'j 
to its fii-st position, simply because its ^^ /^ 

centre of gravity, in obedience to the eai*th's ^^ 

attraction, seeks the lowest place possible. 
From inertia (§ 14), it moves beyond this point, and con- 
tinues to vibrate back and forth for some time ; but when 
its motion is stopped, it hangs perpendicularly ; that is, in 
such a way that its centre of gravity shall have the lowest 
possible position. Many illustrations of this point might 
be mentioned. 

When a rocking-horse is at rest, its centre of gravity is directly oyer the 
point at which it toaches the floor, for in that position the centre of grav- 
ity is as low as possible. If it be rocked, the centre of gravity is moved to 
a higher point, and for this reason it rocks back again. The same is seen 
in the swing, the cradle, the rocking-chair, etc. Most interesting illustra- 
tions are found in the Loggan Stones, as they are called, several of which 
are seen on the rugged parts of the British coast. An immense rock, 
loosened by some of the forces of nature, rests with a slightly rounded 
base on another rock which is flat, and it is so nicely balanced that one 
person alone has sufficient strength to set it rocking. Similarly balanced 
''rocking-stones" are found near Salem, Massachusetts, in Great Barring- 
ton, Massachusetts, and in many other localities. 

48. Further niustratioxw. — An egg lies upon its side be- 
cause the centre of gravity seeks the lowest position. 
When on its side, the centre of gravity is at its lowest 
point, as is manifest by a comparison of Fig. 47 with Fig. 
48. Children have a toy, called a witch, which illustrates 
the same thing in another way. It is constructed of some 
light substance, as pith, with a shot or bullet fastened in 
one end. It always stands up on its loaded end, and can- 
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Fig. 47. 



Fig. 48. 
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not be made to lie down on its side, because the centre 
of gravity would not then be at the lowest point. The 
figure of a fat old woman, Fig. 49, loaded with lead at 
the bottom, is another form of this toy. If the figure be 
thrust over to one side, as shown by the dotted lines, 

the centre of 
gravity is 
raised, and 
the upright 
position is at 
^*ff-*^- once resumed. 

If the toy were not loaded, it would 
lie in the position represented in Fig. 
50, just as the ^g^ lies on its side. 
Certain curious cases which at first sight appear to be 
exceptions to this law are really interesting proofs of it. 
If a light wooden cylinder loaded with lead on one side 
be placed upon an inclined plane with the lead in the po- 
sition e (Fig. 61), the lead, in fall- 
ing to c, will cause the cylinder to 
roll up the incline. What is ap- 
parently a rolling up-hill is really 
a falling of the centre of gravity. 

For the same reason a billiard-ball placed on the smaller 
ends of two billiard-cues laid on a table with their points 




Fig. 49. 




Pig. 61. 
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in contact and their lai^er 
ends slightly separated, will 
roll towards the lat^e ends, 
apparently rolling up-hill; 
actually, however, the cen- 
tre of gravity falls as the 
ball rolls along the cues. 

Curimit Sxf/trintenls. — Yon can- 
not hang n pail of irater on a stick 
kid Dpoo a table as represented 
in Fig. 63, for the centre of gmv 
\t<f is not anppotted. Bat if yon plac< 
the manner represented in Fig. 63, 



another stick as a brace, in 
to push the pail under the table, 
it will hang securelj, because the 
centre of gravit; will be brought 
under the point of snspen^on. In 
an entirely similar 
manner a needle ; 

passed throngh s 
cork into which a '* 
fork is thrust (as 
shown in Fig. 54), 
mnj be suspended 
on the edge of a 
table. We have 
another illustra- 




n in the c< 



iFig. 



Fig. 64. 



65. The horse, made of verjr light material, 
slaode securely, because the centre of gniT- 
itj of the whole is in the heavj ball, which ia 
nnder the point of sospeneion. If the horse 
be madetorockback and forth, the centre of 
gravity in the ball moves in a curved line, ns 
in the case of a ball aospendedbva string (Fig. 
46). It is at its lowest place only when the 
horse is at rest. The hanging of a cana with 
a hook-shaped handle on the edge of a table 
Is to be explained in the same way. 
D2 
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49. Stability of Bodies. — ^The firmness with which a body 
stands depends upon two circumstances — the height of its 
centre of gravity and the extent of its base. The lower the 
centre of gravity, and the broader the base, the firmer the 
body stands. A cube, represented in Fig. 56, is more stable 
—that is, less easily turned over — than a body shaped like 
that in Fig. 57, because it has a larger base. The contrast 
is still greater between Figs. 56 and 58. The reason of the 
stability of a body with a broad base is found in the fact 
that in turning it over the centre of gravity must be 
raised more than in turning over one of a narrower base. 
The curved lines indicate the paths of the centres of grav- 
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Fig. 66. 



Fig. 67. 



Fig. 68. 



ity as the bodies are turned over. In the case of a per- 
fectly round ball, the base is a mere point, and therefore 
the least touch turns it over. Its centre of gravity does 
not rise at all, but moves in a horizontal line, as shown in 
Fig. 59. The pyramid is the firmest possible structure, be- 
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Fig. 61. 



cause it possesses in the highest degree the two elements 
a broad base and a low position of the centre of gravity. 
On both these accounts the centre of gravity must ascend 
considerably when the body is turned over, as shown in 
Fig. 60. 

50. Unstable Bodies. — ^When a body 
does not stand upright, its stability is 
diminished because only a portion of 
the base is concerned in its support. 
In Fig. 61 the base is broad, but the 
body is so far from being upright that / 
the centre of gravity bears upon the - 
very extremity of the base on one 
side, as indicated by the perpendicular line. A small force 
will turn it over, because the centre of gravity need not as- 
cend the least when this is done. Tou see, then, that the 
less upright a body is, the less of the base is of service in 

its support. The famous 
tower of Pisa, Fig. 62, 
one hundred and thirty 
feet high, overhangs its 
base fifteen feet. Wheth- 
er it was built intention- 
ally in this way to excite 
wonder and surprise, or 
whether it settled on one 
side after its (completion, 
has long been discussed ; 
we are inclined to the 
fonner theory, for what 
would otherwise have 
been a very unsafe 
structure is rendered sta- 
ble and safe by the arrangement of its materials. Its 
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lower portion is built of veiy dense rock, the middle of 
brick, and the upper of a very light poroas stone. In this 
way the centre of gravity of the whole structure is made 
to have a very low position. 

Familiar Illustrations. — Ton are now prepared to nnderstand a fact 
which common experience teaches every one, that the taller a bodj, and the 

narrower its base, the more easily is it 
overturned. This is exemplified in the 
two loads, Fig. 63. The base is the 
space included by the wheels. The 
centre of gravity is so high in the tall 
load that a perpendicular line drawn 
from it falls outside of the base if the 
cart reaches a considerable lateral in- 
Fig. 63. clination of the road. But the small- 

er load, under the same circumstances, is perfectly secure. A high car- 
riage is more easily overturned than a low one, for the same reason. 
A stage, if overloaded on its top, is very unsafe on a rough road. Sta- 
bility is given to articles of furniture by making their bases broad and 
heavy, as shown in tables supported by a central pillar, candlesticks, 
lamps, etc. The tall chairs in which children sit at table would be very 
insecure if the legs were not widely separated at the bottom, thus widening 
the base of support. 

51. Support of the Centre of Gravity in AnimalB. — ^The 
base of support which quadrupeds have, viz., the space in- 
cluded between their four feet, is quite large ; and this is 
one reason why they are able to walk while yet very .young. 
A child does well who can walk at the end often or twelve 
months, fqr the supporting base is quite small compared 
with that of a quadruped. It requires skill, therefore, in the 
child to manage the centre of gravity in standing and walk- 
ing, and this is gradually acquired. It is on account of the 
smallness of the base furnished by the feet that the statue 
of a man is always made with a large base or pedestal. 
Although we exert considerable skill in walking, it is by 
no means so great as that which the Chinese ladies require 
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with their painfully small feet Still more skill is exercised 
by one who has two wooden legs, or one who walks on 
stilts. The base made by the feet can be varied much by 
their position. If the toes be turned out and the heels 
brought near to each other, the base 
will not be so large as when the feet 
are straight forward and far apart, as 
is manifest in Figs. 64 and 65. It is for ^^e**- ^»g«6- 

this reason that the child, in his first attempts at standing 
and walking, instinctively manages his feet as in Fig. 64. 

52. Motiona of the Centre of Gravity in Walking. — In 
walking, the centre of gravity is alternately brought over 
one foot and the other, and so moves in a waving line. This 
is very manifest as you see people before you going down 
the aisle out of a church. When two are walking together, 
if they keep step the two waving lines of their centres of 
gravity run parallel, as in Fig. 66, and they walk easily ; 




Fig. 66. 

but if they do not keep step these lines run as in Fig. 67, 
and the movement is both awkward and embarrassing. 




Fig. 67. 



This line of movement of the centre of gravity is always 
slightly waving upward also, as seen in Fig. 68, In the 





Fig. 68. 



Fig. 69. 
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case of a maa with wooden legs, the line would not be 
geDtly waving, but Bomewliat angular, as represented in 
Fig. 69. 

G3. The Centre of Oravity and AttitndeB. — ^The object of 
various attitudes assumed under diSei-ent circum stances is 
to keep the centre of gi-avity over tbe base of support. A 
man with a load on his back would not stand straight, but 
would assume the position of Fig, 70, so that the centre 
of gravity of his load may be directly over his feet. A 
man carrying a pail of water in his left hand leans to the 
right, and raises his right hand in order to bring the centre 
of gravity over his feet (Fig. 7l). In ascending a hill a 
man appears to lean forward, and in descending to lean 
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backward ; but in fact ho is in both cases upright in refer- 
ence to the plain on which the hill stands. A perpendicu- 
lar line drawn from his centre of gravity Strikes the ground 
midway between his feet, that is, in the middle of the base, 
and if prolonged would go straight to the centre of the 
earth. When one rises from a chair he draws his feet back- 
wai'd, and then bends his body forward to bring the centre 
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of gravity over the feet. Unless this is done, it is impos- 
sible to rise^ at least deliberately, as you will find by trying 
the experiment. A man standing with his heels close to a 
wall cannot stoop forward and pick np anything, for the 
wall prevents him from moving any part of his body back- 
ward, and therefore when he stoops forward, the centre of 
gravity being brought in advance of the base, he loses his 
balance and falls. A man who did not understand this 
undertook to stoop in this way to pick up a purse contain- 
ing twenty guineas, which he was to win if he succeeded, 
the forfeiture in case of failure being ten guineas. Of course 
his lack of knowledge as to the principles of the centre of 
gravity made him lose his wager. 

Great skill is exhibited by the rope-dancer in supporting the centre of 
gravity. He carries a long pole in his .hands, loaded at each end, and 
when he inclines to one side he throws it a little towards the other side, that 
the reaction may restore his balance. Similar skill is seen in feats of bal- 
ancing, as, for example, in balancing a long stick upright on the finger. 
In these cases the centre of gravity is very little of the time directly over 
the point of support. It is kept in constant motion nearly but not quite 
over this point — ^this unstable equilibrium, as it is called, being vastly less 
difficult to maintain than stable equilibrium ; that is, keeping the balance 
in one unvarying position. It is the motion of the top that makes it stand 
upright upon its point — a very beautiful example of unstable equilibrium. 
The centre of gravity revolves around a perpendicular line, at exceedingly 
little distance from it at first, but greater and greater as its motion be- 
comes less rapid, till at length the centre of gravity gets so far from this 
line that the top falls. For a similar reason an intoxicated man may not 
be able to keep himself up if he undertakes to stand still, and yet may do 
so if he keep moving. 

54. Centre of Gravity in Floating Bodies. — The same prin- 
ciples which apply to the centre of gravity in bodies stand- 
ing on a firm basis apply also to floating bodies. That the 
centre of gravity may be low in a loaded vessel the heavy 
part of the cargo is put underneath, and generally ballast 
of stone or iron is necessary for the same purpose. In large 
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flat-boats, the base of support being extensive, there is not 
the same need of taking care that the centre of gravity be 
low. If a ship be laden in part with an article which will 
dissolve in water, there is much danger, if the ship should 
leak, lest this portion of the cargo be dissolved and pumped 
out with the bilge -water; this would alter the trim of 
the vessel by removing the centre of gravity from over 
the middle line, and bringing it too far forward or carry- 
ing it too far back, making the ship wholly unmanageable. 
Four large English ships, in part loaded with saltpetre, were 
supposed to have been lost from this cause in 1809 off the 
Isle of France. The immense ice-islands, or icebergs, which 
float about in summer in the polar regions, by melting ir- 
regularly often change the place of their centre of gravity, 
and in turning over present one of the most sublime spec- 
tacles in nature. A mountain of ice, extending high in the 
air and deep in the sea, suddenly turns over, and produces 
a rolling of the ocean which is often felt at the distance of 
many leagues. 

QUESTIONS. 

44. Show what we mean by the centre of gi'avity by Figs. 37, 38, and 
39. Give the definition of centre of gravity, and explain it. What is 
shown by Fig. 40 ?^45. How can we find the centre of gravity of a body ? 
What is said of scales and steelyards ? — 46. State what is represented by 
Fig. 45. — 47. Illastrate the fact that the centre of gravity seeks always the 
lowest point. Give the illustrations of the rocking-horse, the swing, etc. 
What is said of the Laggan Stones? — 48. Why does an egg lie on its 
side ? Give the illustrations from toys. Explain how a ball may be made 
to roll up an incline. Describe the experiment with a pail. And that 
with a toy horse. — 49. Upon what two things does the stability of a body 
depend ? What is said of the stability of bodies whose shapes are repre- 
sented in Figs. 66, 57, and 68? What of that of a round ball? Why is the 
pyramid the firmest of all structures ? — 60. What is the relation of upright 
position to stability ? What is stated of the tower of Pisa ? Give some 
familiar illustrations. — 51. What is snid of the support of the centre of 
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gravity in animals ? What is said of the skill exercised in walking ? What 
of the mode of walking in a child ? — 52. What of the motions of the centre 
of gravity in walking ? What is said of the walking of a man with wooden 
legs ? — 53. Illustrate the management of the centre of gravity in diiferent 
attitudes. Describe and explain the way in which one rises from a clinir. 
State and explain the wager case. What is said of unstable equilibrium ? 
Give the illustrations. — 54. W^hat of the centre of gravity in floating bodies? 
What is said of icebergs ? 



CHAPTER VIL 

MOTIONS OP MATTER. 

55. Matter, Motion, Force. — ^When a ball is rolled over 
the floor a 8apei*fic]al observer sees but little occasion for 
scientific discussion, but a philosophical mind finds therein 
a symbolic illustration of certain phenomena of nature 
ever present with us, and a comprehension of which is 
of the highest importance. Were the sentence, "A ball 
rolls," critically analyzed by a student of grammar, he 
would tell us of the three parts of speech represented, and 
of their relation to each other ; in like manner the stu- 
dent of the laws of nature, analyzing the same sentence, 
would tell us that it embodies three facts, and that their 
mutual relations, intelligently studied, cover the whole 
groundwork of Natui'al Philosophy. We will endeavor 
to explain our meaning by dissecting the sentence. 

" A ball rolls " leads us, in the first place, to consider the 
ball itself; the phrase being indefinite, we have no informa- 
tion as to the material of which the ball is made, whether 
of wood, iron, or rubber ; whatever the substance may be, 
it is called matter^ as explained in Chapter I. The ball, 
then, abstractly considered, is merely an indefinite quantity 
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of matter having a spherical form, the latter idea being as- 
sociated with the term ball itself. 

In the second place, this sentence leads us to regard the 
ball as changing its place with reference to some dther 
body not mentioned. The ball ^' rolls," i. 6., is in motion, 
or moves from one place to another in a particular manner 
known as rolling. Motion^ then, in the abstract, is a change 
ofplacey and is so defined. Now we have already learned 
that matter is of itself inert (§ 14), and cannot put itself in 
motion, hence there must be some external cause for the 
rolling of the ball ; and this leads us to the third point, viz., 
the idea of force. That which causes motion in matter is 
called force : the force of the explosion of gunpowder sets 
the bullet {matter) in motion/ the force of a violent wind 
uprooting a tree also sets matter in motion. A clear un- 
derstanding of these three phenomena, and of their mutual 
relations as governed by laws, is essential to the study of 
Nat\iral Philosophy, and their discussion will occupy us 
throughout this Chapter. 

Force. — We have already stated that force is that which 
tends to move matter. When a body begins to move, 
changes the style of motion it acquired, or ceases to move, 
it is the result of one or more forces acting upon it from 
without. Force is not an attribute of matter like divisi- 
bility or hardness ( Chapter IL ), but merely a tendency 
to put it in motion ; we say a tendency ^ because force may 
exist where there is no actual motion. Thus a huge rock 
may rest quietly for years on the sloping hill-side, prevent- 
ed from moving by a small quantity of earth in front of it, 
but let this obstacle be removed by shovelling, or by a sud- 
den flood of water, and the rock will roll down the hill with 
immense force, crushing everything in its path. The mag- 
net, about which yon will learn more in Chapter XX., af- 
fords another illustration of the correct idea conveyed by the 
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word force. A magnet has the power of attracting to itself 
pieces of iron ; if the magnet lies on the table, and no iron 
objects are near it, the fact of its possessing this peculiar 
force is not apparent — the force is sleeping as we may 
say; but bring near to the magnet some iron nails or 
some steel filings, and this sleeping force is aroused, and 
manifests itself by drawing the iron aiticles towards the 
mas^net. 

56. Motion Univeraal. — The material universe is in cease- 
less motion. The rising and setting of the sun, the changes 
of the seasons, the falling of the rain, the running of 
rivers into the ocean, the ascent of water into the air by 
evaporation, the wind moving in silence or rushing on in 
its might, are familiar examples of motion constant and 
everywhere present. But with all this motion, sometimes 
in conflict and often variable, order and regularity reign. 
The forces causing motion, though various in their opera- 
tion, are kept by the Creator from producing confusion and 
disor<>:anization by a few simple laws, which regulate the 
movements both of atoms and of worlds. 

The principal of these causes of motion are the forces mentioned in 
Chapter IV. ; we will briefly recapitalate them. Attraction is the most 
universal of the causes of motion in the universe. While it binds atom to 
atom, it also binds system to system throughout the immensity of space ; 
and while it makes the stone fall to the ground, it moves the countless 
orbs forever onward in their courses. It is this which causes the tides to 
flow and the rivers to run down their slopes to the ocean, and thus by 
keeping up the never-ending motion of water all over the earth in seas, 
lakes, rivers, and the millions of little streamlets, difi^uses life and beauty 
over the vegetable world, and gives to man the vast resources which we 
see developed in the numberless applications of water-power and naviga- 
tion. 

Heat is everywhere uniting its influence with the other forces to cause 
motion. It is heat that produces all the motions of the air, termed winds. 
It is heat that causes the rise of the water all over the earth in evaporation, 
so that it may be collected in clouds, again to descend to moisten the earth 



96 NATUBAL PHILOSOPHY. 

and keep the ever-flowing rivers full. Heat applied to water gives to man 
one of bis best means of producing motion in machinery. 

Light and electricity are also manifestations of this universal force, as 
will be shown in Chapters XVII. and XVIIL ; these are, to a certain ex- 
tent, productive of motion. 

The agencies which Chemistry reveals to us are ever at work causing 
motion among the particles of matter ; and though they generally work in 
silence, they sometimes show themselves in tremendous explosions, and in 
convulsions of nature. 

Busy life is eveiywhere producing motion, more especially in the animal 
world. It gives to the myriads of animals, great and small, that swarm 
the earth not only the power of moving themselves, but also the power, to 
some extent, of moving the material world around them. 

57. Varieties of Motion. — ^The different kinds of motion 
have received distinguishing names; the following list em- 
braces the principal varieties, with examples taken from 
familiar sources : 

Varieties of Motion. Examp1e& 

Slow The sun's shadow. 

Swift Lightning. 

Straight A stone dropped into a well. 

Curved The path of a stone in the air. 

Uniform The hands of a clock. 

Variable Winds, animal motions, etc. 

Accelerated Gradually increasing motion. 

Hetarded Gradually diminishing motion. 

Whether motion is slow or swift is altogether a relative 
matter ; a boy may run very swiftly, yet he moves slowly 
compared with a race-horse, and the horse in turn cannot 
compete with the locomotive, while the speed of the latter 
is as nothing compared with the inconceivably rapid mo- 
tion of electricity. The rate of motion is called velocity^ and 
it is measured by the space traversed in a given time. Ve- 
locities are compared by reference to the distance travelled 
in one second, taken as a standard of time, very swift ve- 
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locities being expressed in miles per second, and slower 
ones in feet per second ; this will be understood by exam- 
ining the following table : 

TABLE OF COMPARATIVE VELOCITIES.* MileS iu 

one second. 
Light 192,600 

Electricity not less than 200,000 

Electric currents in telegraph wires 12,000 

Feet in 
one second. 

Relative motion of the sun in space 205,920 

Mean rate of the earth's centre in its path around the sun. . . 101,061 

Sound traversing solid bodies 11 ,280 

A 24-pound cannon-ball (maximum) 2,450 

Rifle-ball (maximum) 1 ,600 

A point at the surface of the earth under the equator 1 ,525 

Volcanic stones projected from Etna 1,250 

A point at the earth's surface, latitude of London 950 

The most violent hurricane 146 

Flight of a swallow 134 

A hurricane 117 

Locomotive running 65 miles per hour 95 

An ordinary race-horse 42 

Flight of a crow 37 

A brisk wind 36 

The fastest sailing vessel 15 

A caniage travelling six miles nn hour nearly 9 

A man walking 6 

Straight motion is one which does not change its direc- 
tion at any point ; curved motion, on the other hand, is con- 
tinually changing its direction. These require no special 
explanations, but to the latter we shall refer again. 

When a moving body passes over equal distances in each 
second of time, it is said to have a uniform motion. Our 
standard of uniform motion, with which we compare and 

* Condensed from Amott's "Elements of Physics," Seventh Edition. 
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measure all other motions, is that of the earth round its own 
axis. " Here we have a huge spinning-top, which, not for 
hours or days, but for unknown ages, has kept up its orig- 
inal speed practically undiminished. All our notions of 
time are based on the regularity with which the eai*th turns 
round." 

Watches and clocks are contrivances for obtaining a uni- 
form motion which can be compared with that of the earth, 
and for marking off smaller intervals than can be conven- 
iently observed in the revolution of the earth. There are 
very few cases of uniform motion in the world, other forces 
than that which started the uniform motion constantly re- 
tarding or otherwise modifying it. Motion which is not 
uniform or regular is said to be vanable. In determining 
the velocity of a body having a variable motion, we must 
observe the rate of motion at various equal intervals of 
time, and average them. The distance traversed by a sail- 
ing vessel or steamer is ascertained by frequently " throw- 
ing the log," by means of which the speed at definite times 
is obtained, and calculating the average velocity. 

When a moving body passes over gradually diminishing 
distances in equal intervals of time, its motion is said to be 
retarded. Examples of uniformly retarded motion are fa- 
miliar: a ball rolled along the ground moves more and more 
slowly under the influence of gravitation and the resistance 
offered by the air until it finally comes to rest. A train 
detached from a locomotive has its motion uniformly re- 
tarded owing to the same causes ; should brakes bo applied 
and then suddenly released, its motion would also be re- 
tarded, but not uniformly. Opposed to retarded motion is 
accelerated motion, in which the velocity of a body contin- 
ually increases until external forces bring it to rest ; as, for 
example, when a stone is dropped from a height, it falls 16 
feet in the first second, 64 feet in the next second, 144 feet 
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in the third second, and so on, the motion being uniformly 
accelerated^ owing to the action of gravity. 

58. Motion and Rest. — Though we use the term rest in 
opposition to motion, it is obvious from some of the illus- 
trations given that rest is only a relative term, for not a 
particle of matter in the universe is at rest. When we are 
sitting still we call ourselves at rest, though we are moving 
every hour, by the revolution of the earth on its axis, 1000 
miles eastward, and 68,000 miles in our annual journey round 
the sun. Why, then, are we so insensible to these rapid 
motions ? It is partly because the motions are so uniform, 
but chiefly because all things around us, our houses, trees, 
and even the atmosphere, are moving along with us. If 
we were moving along alone, even at a slow rate, while all 
these objects were standing still, we should be conscious of 
our motion, as when we ride along in a carriage objects at 
the roadside do not appear to move along with us. 

This can be made more clear and impressive bj a familiar comparison. 
A man on board of a steamboat, by confining his attention to things within 
the boat, may, after a while, be almost unconscious of the boat's moving, 
if the water be smooth, though the boat may be going at the rate of fifteen 
miles an hour. If he be reading in the cabin, he will think as little of his 
motion as he would were he reading in his parlor at home. Should he bo 
blindfolded, and turned around a few times, it would be impossible for him 
to tell the direction in which the boat is going. Now the case is similar 
with a man on the earth — he is unconscious of the motion of the earth for 
the same reason that the man in the boat is unconscious of the boat's mo- 
tion. All objects around him are moving along with him, as the objects 
around the man in the cabin of the boat are moving along with him. We 
can carry the parallel farther. While the man sits in the cabin he knows 
not how fast the boat moves, nor even whether it moves at all. He must 
look out to decide this, and even then he may not be able to tell whether 
the boat moves, or whether he merely sees the water running by it. We 
are often actually deceived in this respect. A steamboat struggling against 
wind and wave may appear to those on board to be advancing when it is 
really stationary, or even when it is losing ground. So when we look at 
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the snn, we know not whether it is the sun or the earth that is moving. 
Mere vision, without reasoning on the subject, leads one to think that it 
is the sun that moves. 

59. Absolute and Relative Motion. — The motion of a 
body is said to be absolute when it is considered witboat 
relation to the position of any other body. Its motion 
is said to be relative when it is moving with respect to 
some other body. Absolute rest is unknown, for no spot 
in the universe is known to be without motion. But a 
body may be relatively at rest, that is, in a fixed relative 
position to other bodies. Every body is in a state of abso- 
lute motion, and yet it may be in a state of relative rest. 
All objects that appear to us to be at rest have a very 
rapid absolute motion. They appear to be at rest merely 
because they have the same rapidity and direction of abso- 
lute motion that we have ourselves. And all the motions 
which are apparent to the eye are only slight differences 
in the common absolute motions, of which, though they are 
BO exceedingly rapid, we are entirely unconscious. Thus, 
if you stand still, and another at your side walk at the 
rate of three miles an hour eastward, you both have a com- 
mon absolute motion of 1000 miles in every hour, and he 
merely adds three miles to his thousand — you move 1000 
miles, and he 1003. So if you sit still in yoilr parlor, and 
your friend travel eastward at the rate of 20 miles an 
hour, you move every hour 1000 miles, and he 1020. And 
if he travel westward at this rate he really travels more 
slowly than you do— he has an absolute motion eastward 
of 980 miles, while you move 1000. At the same time you 
are both whirling on in the annual journey around the sun 
at the rate of 68,000 miles an hour. 

60. Compound Motion. — From what has been shown in 
the preceding section, it is evident that a body may partake 
of two motions at one and the same time, and these motions 
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may be in the same direction or in different directions. If 
a man travelling on a steamboat walk towards the bow, he 
will move forward with the boat at the same time; sup- 
pose the steamboat moves at seven miles an hour, and he 
walks at the rate of three miles an hour, during the time 
that he passes from the stern to the bow of the boat his 
total velocity will be ten miles per hour ; if, on the other 
hand, he turn about and walk back to the stern at the same 
rate, his velocity will be only four miles an hour. That is, 
if we refer his motion to the banks of the river on which 
the steamboat moves ; but if we refer his motion to the 
steamboat only, his velocity will be lliree miles an hour, no 
matter in what direction he walks. This is an example of 
simultaneous motions in the same direction ; we will now 
give one of simultaneous motions in different directions. 

If a man attempt to row a boat straight across a swift- 
ly running river, he will reach a point not directly opposite 
to that from which he started, but below. Two forces act 
upon the boat: the current tending to carry it straight 
down the stream, and his rowing tending to carry it 
straight across. The boat will go in neither of these 

directions, but in a line between them. ^ ^ 

Let A B, Fig. 72, represent the bank of 
the river, from which he starts at A, 
with the bow of the boat pointing to C, -^ 
on the opposite bank. Suppose, now, ^'s- 72. 

that in the time that it takes him to row across the cur- 
rent would carry him down to B if he did not row at all. 
He will in this time, by the two forces together, reach the 
point D, opposite to B, his course being the line A D. If 
the wind blow upon a vessel in such a way as to carry 
it eastward, and a current be pushing it southward, the 
vessel will run in a middle line, viz., southeast. For the 
same reason, if a boy kick a foot-ball already in motion, it 

E 
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Fig. T3. 



will not be carried in the direction in which he kicks it, 
but in a line between that direction and the direction in 
which its former motion was carrying it. In swimming, 
flying, rowing, etc., we have examples of compound mo- 
tion, the middle line between the directions of the forces 
always being taken by the body moved. 

If we take Fig. 72, illustrating the movement of the boat, 
n, -p. and draw two lines, one from A to C and 

the other from B to D, we shall have the 
parallelogram A C D B, Fig. 73, in which 
B the line A C represents the force of the 
rowing, A B the force of the current, and 
A D the path of the boat. You see, then, that if we wish 
to And in what direction and how far in a given time a 
body acted upon by two forces will move, we are to draw 
two lines in the direction of these forces, and of a length 
proportionate to the distances to which they would move 
it in that time ; then by drawing two lines parallel to 
these we shall have a parallelogram, and the diagonal of 
this will represent the distance and the course of the 

moving body. If a body be acted upon a. ti 

by two equal forces and at right angles 

to each other, the figure described will 

be a square, as you see in Fig. 74. If 

they vary from a right angle, the figure 

will vary in the same proportion from b 

the square figure, as seen in Figs. 75 rig. 74. 

and 76. In the three figures, A B 
and A D represent the two forces 
and A C the resulting motion. 
You observe by these diagrams 
that the nearer the two forces are 
c ^o the same direction, the farther 
will they move the body. This 





Fig. 76. 
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is shown by the different 

lengths of the diagonals in 

Fig. 14 and Fig. 76. The 

more nearly, therefore, the 

-wind coincides with the current, the more rapidly will a 

vessel be carried along before the wind. When, on the 

other hand, the angle at which two forces act upon a body 

is much greater than a right angle, they will propel it but 

a small distance. Thus, if two forces act on a body at D 

in the directions D A and D C, Fig. 77, they will move it 




only the distance represented by the diagonal D B. This 
diagram represents the motion of a vessel sailing almost 
directly against a current by a wind the force of which is 
equal to that of the current, while Fig. 76 represents the 
motion of a vessel where wind and current, being of equal 
force, very nearly coincide. In the above diagrams we 
have supposed the forces to be equal ; but the same truth 
can be shown in regard to unequal forces. 

61. Momentum. — ^The momentum of a body is its quan- 
tity of motion. In estimating the momentum of any body 
two things must be considered — its velocity, and its quan- 
tity of matter or weight. A bullet fired from a gun has a 
vastly greater force, or power of overcoming obstacles, than 
one thrown by the hand, owing to its greater velocity. 
Now suppose the weight or quantity of matter to be in- 
creased ten times, and that it moves with the same velocity 
as before ; it will have ten times as much force as before, 
and will overcome ten times as great an obstacle. For this 
reason, a small stone dropping upon a man's head may do 
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bat little harm, while one ten times as large, falling from 
the same height, may stun and perhaps kill him. But if the 
large stone could fall with only one tenth of the velocity 
of the small one, the effect of both would be the same. 
The rule for calculating the momentum of a nloving body 
is to multiply its weight by its velocity. Using the above 
illustration for an example, suppose the weight of the small 
stone be 1 ounce, and that of the large one 10 ounces. If 
they fall from a height of 16 feet, the force with which the 
large one will strike will be expressed by 160 (16 x 10), that 
of the small one by 16 (1 x 16). Suppose, however, that 
by some force in addition to gravity the small one could 
be made to move ten times as fast as the large one, the 
force with which it would strike would be equal to that of 
the large one, and would be expressed by the number 160. 
We will illustrate this in another way. Let a and &, Fig. 

78, be two balls of clay of equal size 
hanging over a graduated arc. Now 
\ih be let fall from the top of the arc 
6, on striking against a it gives half 
of its motion to a, and they both 
move on together. But how far will 
they go? To 3 on the other side 
of the arc. Why ? Let the quan- 
tity of matter in each ball be called 
1, and the motion of h 6. The momentum will, therefore, 
be 6. Now the momentum of the two together will be the 
same after the blow as that of h was before it. But the 
quantity of matter is twice as great, and must be called 2. 
Therefore the motion must be represented as 3, to make the 
momentum 6 (2 x 3). But suppose that h is twice as large as 
a. Falling from 6, its momentum would be represented by 
12 (2 X 6). After it has struck a, the momentum of the two 
together would be the same as that of h before the stroke ; 
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bat the quantity being 3, the motion would be represented 
by 4. They would, therefore, move to 4 on the arc. 

Examples, — A few examples illastrating momentam, as dependent upon 
weight and Telocity, will suffice. If a musket-ball of an ounce weight were 
so far spent as to move with a velocity of only a foot in a second, its 
force would be so small that if it hit any one it would do little harm. But 
11 cannon-ball weighing a thousand ounces moving at this slow rate would 
have a very great force — equal, in fact, to the momentum of an ounce ball 
moving 1000 feet in a second. — If a plank push a man's foot against a 
wharf, he will scarcely feel it ; but if the plank, instead of being alone, is 
one of a thousand planks fastened together in a raft, and the whole move 
with the same velocity, the force will be increased a thousand-fold, and the 
plank will crush the foot. And if the one plank, when alone, should move 
a thousand times as fast as the whole raft, the same result would foll(fW. — 
So soft a substance as a candle can be fired through a board from the mo- 
mentum given to it by an immense velocity. — Perhaps there is no better 
example of the great force given to a substance by an enormous velocity 
than we have in the wind. So light a thing is air that people think of it 
as almost nothing. But let it be set in rapid motion, and the velocity gives 
to it a force, a momentum, which will drive ships upon the shore, throw 
over buildings, and tear up trees by the roots. In this last example we 
see beautifully illustrated the meaning of the expression quantity of mo- 
tion. In the moving air each particle does its share of the work in the de- 
structive effects mentioned. Each particle, therefore, may be considered 
as a reservoir of motion, and the quantity of motion in any case depends 
upon the quantity which each paiticle has and the number of the particles. 

62. Relation of Force to Velocity. — It would seem, at fii*st 
thought, that the motion produced in any body must be in 
exact proportion to the force producing it; that is, that 
twice the force which produces a given velocity would 
double that velocity, and three times would treble it, etc. 
This is true where there is no resistance to motion, as in 
the case of the heavenly bodies moving in their orbits. 
But in all motions here upon the earth there is resistance ; 
and the greater the velocity, the greater the resistance. If, 
therefore, you increase the velocity of any body, you not 
only have to communicate more motion to it, but you must 
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overcome also the increased resistance. The rate of iii^ 
crease of force for increased velocities has been very accu* 
rately ascertained. A boat moving from B to A, Fig. 79, 
we will suppose, displaces a quantity of water represented 
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by the space between the two lines extending from B to A. 
Now if it move from B to C, it displaces twice the bulk of 
water B C ; and as it is displaced in the same time that B 
A was, each particle is displaced with twice the velocity. 
Double the force is required to displace a double portion 
of water, and to do this with double the velocity the force 
must be doubled as:ain. So if the boat be made to move 
three times as far in the same time — that is, from B to D — 
three times the quantity of water is displaced, and each of 
these three portions, B A, A C, and C D, is displaced with 
three times the velocity. The force required, then, to do 
this is nine times that required to carry the boat from B to 
A in the same time. It is plain, therefore, that with veloc- 
ities represented by the numbers 1, 2, 3, 4, etc., the forces 
requisite to produce these velocities must be as the squares 
of these numbers; viz., 1, 4, 9, 16, etc. This law is a very 
important one, in a practical point of view. For example, 
it shows us how much larger a quantity of coal is required 
to produce in steamboats a high velocity than a moderate 
one. Its application, too, to the science of gunnery is im- 
portant. 

When the weight of a moving body is multiplied by its 
velocity, we obtain (§61) its momentum; when the weight 
is multiplied by the square of the velocity, we obtain the 
force with which a body strikes a resisting substance. This 
is directly deduced from the explanation just given. 

63. Accelerated Force. — You have learned in § 57 some- 
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thing of the varieties of motion: these are obviously the re- 
sult of the action of corresponding forces on matter. Thus 
we have uniform, accelerated, and retarded forces. If the 
momentum remain the same, independently of time, the 
force is uniform ; if the momentum increase, the force is ac- 
celerated ; and if diminished, the force is retarded. Were 
there no obstacles to motion, such as resistance of the air, 
etc., we might have uniform forces; but since wo do not 
meet with absolutely isolated or free matter, all moving 
* ^forces are more or less variable. Even in the production 
of very rapid motions the force is seldom instantaneously 
applied, but is rather gradual in its action ; the motion is 
not the result of a single impulse, but a succession o^ im- 
pulses is required to accumulate sufficient momentum to 
overcome the resistance opposed. The action of gunpow- 
der upon a bullet issuing from a gun is apparently an in- 
stantaneous and single impulse, but it is not really so. The 
great velocity given to the bullet is due to the continued 
impulse of the expansive force of gases produced from the 
powder, and it therefore depends much on the length of the 
barrel. If this be short, the force of the powder is not con- 
fined long enough to the bullet to give it a great velocity. 

It is on the same principle of continued action that a man lifts his ham- 
mer high when he wishes to inflict a heavy blow. In this case both grav- 
itation and the mascular power of the arm exert their force on the hammer 
through the whole space. A horse in kicking does the same thing, and by 
the great length of the leg the velocity given to the foot by this continued 
action of the muscles is very great. An arrow is not shot by a single mo- 
mentary impulse of the bowstring, but the string, by following it through 
a considerable space, gives it a continued impulse. 

One of the best examples of accelerated force is the attraction of gravity. 
You know that the greater the elevation from which a body fiills, the 
greater is its velocity, and, therefore, the greater the force with which it 
strikes. Why is this ? If it fell because of a single impulse drawing it 
towards the earth, this would not be the case *, and if there were no air 
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in the wav, the velocity would be uniform. But the resistance of the air 
would retard the Telocity ; so that if a number of bodies should receive 
the same impulse at different elevations, the one farthest off would be 
most retarded, and, therefore, come down slower than all the rest. In this 
case, the higher the elevation from which a man should fall, the less would 
be the injury. But a body does not come to the ground by a single im- 
pulse, but by a succession of impulses, or, rather, a continued impulse. Ev- 
ery moment that the body is coming down it is drawn upon by the attrac- 
tion of the earth, and this continued action causes an increase in the rapid- 
itv of iHotion. 

Expressing this in somewhat different language, we may 
say that gravity is an accelerating force. Of this examples 
are innumerable : " A person may leap from a chair with 
impunity ; if from a table, he receives a harder shock ; if 
from a high window, a topmast of a ship, or the parapet of 
a high bridge, he will probably fracture bones; and if he 
fall from a balloon at a great height, his body will be lit- 
erally dashed to pieces." 

Water falling from a height acquires a power proportion- 
al to the elevation. The same is true of meteoric stones, 
"which approach the earth with such immensely accelerated 
velocity that they become heated in their passage through 
the atmosphere, and bury themselves deep in the earth 
when they strike its surface. 

64. Gravity a tTniformly Accelerating Force. — An acceler- 
ating force may be uniform or variable; gravity is not only 
an accelerating force, but it is uniform in its rate of increase. 

A stone dropped from a height falls through a distance 
of 16 feet in one second, 64 feet in two seconds, 144 feet in 
three seconds, and so on. Now, after the stone has passed 
through the 16 feet — that is to say, at the end of the first 
second of time, its velocity is 32 feet per second; at the end 
of two seconds, 64 feet per second ; at the end of three sec- 
onds, 96 feet per second, and so on. Thus the velocity at 
the end of 2, 3, 4 seconds is double, triple, quadruple, etc., 
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that at the end of one second ; that is, its rate of increase 
is uniform, viz., 32 feet per second. 

This law holds good for all bodies, no matter whether 
they are heavy or light. At first sight it seems very par- 
adoxical that a ball weighing one pound dropped fi'om a 
height will reach the ground just as quickly as one wc^h- 
iug ten times or one thousand times as much. And yet 
such is the case ; gravity causes all unimpeded bodies to/all 
with equal rapidity, without reference to their weight. Any 
one who throws a feather and a bullet into the air, however, 
observes that the bullet falls to the ground long before the 
feather, and will be disposed to dispute the statement just 
made. Such a one must remember that the resistance of 
the air must be taken into account, as we will 
now proceed to show. 

When a stone is thrown into the air, its upward motion is 
graduBllj destroyed by the attraction of the earth and the i-e- 
NsCance of the air. Obsene, now, whj it descenda. It is 
from the action of one of the causes which arrested its upward 
flight — the attraction of the earth. In its descent it is re- 
tarded by the resistance of the air, as it whs in its ascent. 
This retardfltion is reiy obviotis in the case of sabstnncea 
which present a large sur&ce to the air, as a father. A 
small piece of lead wilt ontweigb many feathers, and, therefore, 
since its quantity of matter is so mach greater in proportion 
to its snrfaee than that of a feather, it will fall to the gronnd 
much more quickly. That this is owing wholly to the resist- 
ance of the air can be proved with the nir-pump. Suppose 
that you have a tall receicer. Fig. 80, on the air-patnp, and a 
[uece of lead and a feather are placed at its upper part in such 
a way that they can be made to fall at the same instant. Ex- 
haust the air, and then let them fall. They will go down side 
by side, as represented by Che figure, and reach the boilom of 
the receiver at the same time, because there is no air to resist 
the progress oFthe feather. 

The toy called the water-hammer illustrates the same thing. {•],. ^q_ 
When water fitUs through the air, the resistance of the ait tends 
E 2 
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to separate its particles, as we see in the fulling of water thrown up by a 
fountain. In the water-hammer, which is a closed tube containing a little 
water and no air, when the water is made to fall from one end to the other, 
as there is no air to divide it, it falls as one miass, and gives a sharp sound 
like the blow of a hammer. An instrument essentially like this can be made 
with a thin glass flask. Put a little water into it, and, after heating it to 
boi^ng over a spirit-lamp, cork the flask tightly, and then leave the water 
to cool. As all the space above the water was filled with steam when the 
flask was corked, it is a vacuum now that the steam is condensed. 

65. Retarded Force. — We have seen (§ 63) that force is 
never instantaneously communicated, and that a succession 
of impulses are required to communicate motion. In like 
manner, no force can be instantaneously arrested, and a 
gradual resistance to motion is necessary to make it dis- 
appear. Examples showing the gradual nature of the i*e- 
tardation of force are numerous. It is by the gradual or 
continued resistance of the air that the motion of a cannon- 
ball is destroyed. Now if, instead of this gradual resist- 
ance, any hard substance, as a block of granite, were op- 
posed to the progress of the ball, it would be at once 
broken asunder. We see, then, the reason that a hard sub- 
stance of moderate thickness does not offer so effectual a 
resistance to a body moving very rapidly as some sub- 
stance of a more yielding kind and of greater bulk. For 
example, a bale of cotton will arrest a ball which would 
pass through a plank, for the cotton, yielding easily, permits 
the force of the ball to be felt and resisted by a larger 
bulk, while the wood, not yielding, opposes but a small 
portion of its whole bulk to the force of the ball, and 
therefore does not arrest it ; in other words, the momentum 
of the ball is communicated to a much larger quantity of 
matter in the cotton than in the wood. These pnnciples 
afford a ready explanation of a feat which is sometimes 
performed. A man lies upon his back, and, having an 
anvil carefully placed upon his chest, allows some one to 
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strike a heavy blow with a hammer upon the anvil, and 
no injury is received. Why? Because the momentum, or 
force, of the hammer is diffused throughout the bulk of the 
anvil, and then again throughout the bulk of the yielding 
chest. The man takes good care to have his lungs well 
filled with air at the moment of the blow, for this increases 
the bulk and elasticity of the chest, and thus promotes the 
diffusion of the momentum. If the blow of the hammer 
were received directly upon the chest, great injury would 
be done, for the force would then be spent upon one small 
spot alone. 

The principles above elucidated are applied by men instinctively in their 
common labors and efforts. Watch a man catching bricks that are tossed 
to him. As he receives the bricks in his hands he lets his hands and the 
bricks move together a little way, so that he may gradually arrest the mo- 
tion of the bricks. To do it suddenly would give him a painful lesson on 
momentum. So when a man jumps from a height he does not come to the 
ground in a straight position. This would cause a sudden and therefore 
a painful arrest of the motion of the whole body. To avoid this he comes 
to his feet with all the great joints of his body bent, so that the different 
portions approach the ground successively, his head having its motion 
arrested last. 

QUESTIONS. 

. 55. Explain the relations of matter, motion, and force as seen in the 
rolling of a ball. Define motion. Define force. Show that force may 
exist without motion. Give the illustration of the magnet. — 56. What 
is said of the universality of motion ? What are the principal causes of 
motion ? How does attraction act ? Explain the influence of heat and 
of other forces. — 57. Name the varieties of motion, and give examples of 
each. How is velocity measured ? How compared ? Name the rate of 
motion of light. Of electricity. Of sound. Of a violent hurricane. Of 
a man walking. Illustrate uniform motion. Illustrate variable motion. 
Give examples of uniformly retarded motion. Of accelerated motion. 
— 58. Show that motion and rest are relative terms. Give the comparison 
of the steamboat. — 59. What is the difference between absolute and rel- 
ative motion? What is said of absolute rest ?— 60. What is said of com- 
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ponnd motion. Give the example of a man walking the deck of a moving 
steamboat. Illustrate simultaneoas motions in different directions. Ex- 
plain the piinciples illustrated by the parallelograms, Figs. 73, 74, and 75. 
— 61. What is the momentum of a body? Give the rule for calculating 
momentum, and give an example. Give the illustration of two balls of- 
clay. Also of the cannon-ball. And of the plank. What is said of the 
wind as a reseiToir of motion ? — 62. What is said of the relation of force 
to velocity ? — 63. What is said of accelerated force ? Show that rapid 
motions are usually caused by a succession of impulses. Give the illustra- 
tions of the hammer, of the horse, and of the arrow. Show that gravity is 
an accelerating force. Give illustrations. — 64. Show that gravity is uni- 
formly accelerating. State the law. Explain why bodies of different 
weights fall with equal rapidity. Describe the experiment in a vacuum. 
Give the illustration of the water-hammer. — 65. What is said of retarded 
force? Give examples. Explain the anvil trick. Mention illustrations 
taken from eveiy-day life. 



CHAPTER Vin. 

MOTIONS OF MATTER (cONTINirED). 

66. Course of Bodies Thrown into the Air. — When any body 
— a stone, for example — is thrown straight upward into the 
air, it does not, in reality, go up or come down vertically. 
If it did, it would come down at a great distance from us. 
Suppose it takes two seconds for it to go up and to reach 
the ground. If we stand at the equator, in that two sec- 
onds we move from the point where we threw up the stone 
nearly 3000 feet eastward ; and, therefore, if the stone rose 
and fell vertically, it would fall 3000 feet westward of us. 
Why, instead of this, does it fall at our feet? Because 
when thrown into the air it not only has the upward mo- 
tion given by the hand, but also the forward motion of the 
earth. It is a case similar to that of a man on board of a 
steamboat, who, though the vessel move fifteen miles an 
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hour, tosses up his ball or orange and catehes it as well as 
if he were on laud. This he could not do if both he and 
the orange did not have the same forward motion as the 
boat. If a man fall from a mast-head, he reaches the deck 
at the foot of the mast when the vessel is sailing rapidly, 
just as if it were lying still at the wharf. If he did not 
by inertia (§ 14) retain the forward motion which he had 
in common with the vessel, he would fall at some distance 
behind the mast. 

The Earth and the Atmosphere, — The air being held to the earth bj at- 
traction, it has a motion in common with the earth. It revolves with 
the earth just as the tire of a wheel revolves with the wheel. This being 
so, onr winds are nothing but slight variations of this constant rapid whirl 
of the aerial coating of the eartb. If the atmosphere were suddenly to 
stop whirling roand with the earth, we should move through it with a 
velocity of 1500 feet a second; and the destructive effect upon us would 
be the same as if the earth were standing still while the air moved over 
its surface with this fearful velocity. A thoughtless man, not reflecting 
that the atmosphere moved with the earth, proposed rising in a balloon, and 
waiting till the country to which he wished to go should pass under him, 
and then to descend to the earth. 

6Y. Path of Frojectilea. — If we consider the connection 
between the motion of the earth and the course of a body 
thrown into the air, and ascertain its actual path, we find 
that it forms a peculiar curve. 

Anything thrown into the air is called ^ projectile; and 
the path which it follows is 
that of a parabola. Suppose 
a stone be thrown by a man 
standing at A, Fig. 81, in the 
direction A C E G, it will de- 
viate from a straight line 
on account of the attraction 
of gravity, and actually 'de- a^ 
scribe the parabolic curve 
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A D F B. If the stonfe, having reached the point C, has 
fallen towards the earth a certain distance, represented by 
C D, when it reaches the point E, twice as far from A, it 
will fall a distance not twice, but four times as great as 
C D, viz., E F, and so on, thus forming the curve. 

Of coui-se, it is understood that, besides the propelling 
force of the arm and the attraction of gravity, a third force 
acts upon the stone, viz., the resistance of the air; but this 
being in direct opposition to the first, it only retards the 
motion, and does not tend to turn it from its straight 
course. 

If the stone be thrown horizontally, it also describes 
a parabola. If the propulsive force be very great, as in 
the case of a bullet discharged from a gun, the path will 
appear to be straight; but this is not so. The force of 
gravity pulls the bullet towards the ground from the in- 
stant that it leaves the gun. This deviation is very slight, 
however, and for short distances the bullet may be con- 
sidered as moving in a straight line. When, however, a 
marksman shoots at long range, he must make allowance 
for this bending-down of the motion. Accordingly, for the 
sake of precision, a double sight is provided in modern guns, 
as shown at A and B, Fig. 82. This arrangement secures 
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the pointing of the gun a little above the level of the 
object aimed at, that level being indicated by the dotted 
line. 
Let us further study the path of a projectile impelled 
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horizontally. In the case of the musket-ball just men- 
tioned, we have seen that two forces act upon it, viz., the 
projectile force given by the powder and the force of gravi- 
tation. The force of gravity being always the same, the 
shape of the curve which the projected body describes 
must depend on the force with which it is projected. This 
is very strikingly exemplified in the curves desciibed by the 
different streams of water in Chapter XIL But whether 
the projectile force be great or small, the moving body 
thrown horizontally will, in every case, reach the ground in 
the same time. Thus, if two cannons stand side by side on 
a height, one of which will send a ball a mile and the other 
half a mile, the two balls, if fired together, will reach the 
ground at the same instant, though at first thought it 
would seem that the ball which travels twice as far as the 
other would take a longer time to accomplish it. This is 
because the horizontal force of the ball does not oppose in 
the least the downward force of gravity. If it were thrown 
upward instead of horizontally, the projectile force would 
be opposed to gravity, and in proportion as the direction 
came near to being vertical. As horizontal force does not 
interfere with the action of the force of gravity, it follows 
that, if a ball be dropped at the instant at which another 
is fired, both will reach the ground at the same instant. 
This can be made clear by Fig. 83. Suppose it takes 
three seconds for a ball to fall from the top of a tower 
to its foot. In the first second it falls to a. The ball 
projected horizontally from the cannon, being operated 
upon by the same force of gravity, will fall just as far, and 
will be on a level with it at d. Both balls fall farther and 
fai*ther each second, both being accelerated in the same de- 
gree because it is done by the same force. The projected 
ball will reach d when the falling ball is at c, and the plane 
at f when the falling ball is at 6, the foot of the tower. 
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Fig. 83. 

The same holds true in all cases. A bullet dropped from 
a level with the barrel of a gnn, paradoxical as it may 
seem, will fall to the gi'ound no sooner than one which is 
shot from the gun. 

68. All Falling Bodies really Projected. — When a body 
falls from any height, it does not, as you have already seen 
in § 66, fall in a straigbt line, as it appears to do. It falls 
in a curved line, for, like all projectiles, it is acted upon by 
a horizontal force as well as the force of gravity. But what 
is this horizontal force ? It is the motion which the body 
has in common with the earth in its rotation on its axis. 
In this rotation the height from which the body falls goes 
to the eastward 1500 feet in a second. If, therefore, the 
body did not partake of the motion of the earth, and de- 
scended in a straight line in a second, it would reach the 
ground 1500 feet westward from the foot of the height 
whence it fell. But it does partake of the earth's motion, 
A 'a»-44^ and, moving eastward as fast as the 
k^ height, it describes the curved line of 

'^l ^\ a projectile. Suppose a ball falls from 

■^ P!g. 84. ^ a height, A, Fig. 84, and in a second of 
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time that height passes to C. The forward or projectile 
force would tend to carry the ball to C, and the force 
of gravity would tend to carry it to B. But both forces 
acting together, it pursues a middle path, and this path 
is a curved line, because one of the forces is a continued 
force. (See § 63.) For the same reason, if a ball be 
dropped from a railway car in motion, and it take a sec- 
ond to fall, at the end of that second it will strike the 
floor just under that part of the car from which it fell. 
Although the car may have moved a considerable distance, 
the dropped ball, partaking of its motion, goes along with 
it in its fall. For the same reason, a ball dropped from a 
masthead when a ship is in motion, partakes of the mo- 
tion of the ship. The ball in each of these cases descnbes 
in its fall a curved line. 

69. Motion in Orbits. — Why is it, let us ask, that a cannon-ball 
shot horizontally from some great height will not revolve around the earth 
like the moon. It has the same two forces acting upon it as the moon has 
— viz., :i projectile force and the attraction of the earth — and both ball 
and moon describe a curve in their motion. But the curve of the ball 
bends to the earth, while that of the moon ever sweeps around the earth. 
Why is this? In the first place, the resistance of the air continually re- 
tards the velocity of the ball. But, secondly, even if the ball could be 
projected from an elevation sufiiciently high to be outside of the atmos- 
phere, the force of the projection would not be great enough. We know, 
from the rate of progress of the heavenly bodies in their orbits, that it 
would require an immense velocity to keep the ball from being brought to 
the earth by its attraction. The Creator of these worlds, when he launched 
them into their orbits, gave them precisely that impulse which is needed 
to balance the centripetal force (§ 73) of attraction, and so they pursue a 
middle course between the two directions in which these two forces tend 
to carry them. And as their velocities have never been retarded by the 
resistance of air or any other substance, they have been ever the same from 
the beginning. 

10. Newton's Laws of Motion. — By investigating the 
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principles of motion, Sir Isaac Newton arrived at three 
laws, which have been in some measure anticipated in the 
praceding sections. These laws may be briefly stated as 
follows : 

I. A body free from the interference of external matter 
or force will, if at rest, remain at rest, and if in motion, 
will move uniformly in a straight line. 

IL A given force always produces the same effect, wheth- 
er the body on which it acts be in motion or at rest, and 
whether it be acted upon by one or more forces simulta- 
neously. 

III. Action and reaction are equal and opposite. 

These laws are far more comprehensive than they at first 
sight appear, and require some explanation. 

The first part of the first law follows from* inertia, § 14; 
a body at rest will remain at rest until some external force 
causes its motion; and a body has no power in itself to 
change the rate or direction of its motion. Hence in the 
communication of motion a certain amount of time elapses 
before its effects are made evident. Of this we have many 
examples, some of which are given in the following sec- 
tions. 

71. Inertia Shovrn in the Communication of Motion. — 
When the sails of a vessel are first spread to the wind, the 
vessel does not move swiftly at once, for some time is re- 
quired for the force applied to overcome the inertia of so 
large a mass, and to put it in rapid motion. Horses make 
a greater effort to start a load than they do to keep it in 
motion after it is started. If a person stand up in a car- 
riage, and the horses start off suddenly, he falls backward, 
because his body, from its inertia, does not readily and at 
once partake of the motion of the carriage. If a person 
start forward quickly with a waiter, filled with glasses, in 
his hands, the glasses will slide backward. 
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The foregoing illastrations show that it requires some time to cgmmuni- 
cate motion to any body. We will give some illustrations of this fact of a 
more striking character. If a ball be thrown against an open door, it will 
move the whole door, and perhaps shut it; but the same ball fired frorr 
a rifle will pass through the door without moving it perceptibly. In the 
latter case its velocity is so great that there is not time enough to com- 
municate motion to the whole door, and it moves only that part of it with 
which it comes in contact. A bullet thrown with but little force against a 
window will crack a whole pane of glass ; but if shot from a pistol, it mere- 
ly makes a round hole. A cannon-ball having a great velocity may pass 
through the side of a ship, doing perhaps comparatively little damage, 
while one moving with much less velocity may do vastly more damage by 
splintering the wood to a considerable extent. For the same reason a rapid 
ball hitting a person may occasion less suffering and do less harm than a 
slow ball ; for a rapid ball kills merely the parts which it touches, leaving 
the flesh around in a sound state, while the slow ball bruises over a large 
space. If a large pitcher filled with some heavy liquid be quickly taken up, 
the handle will break, leaving the pitcher behind. Large dishes are some- 
times broken in this way when heavily loaded. 

72. Inertia Shewn in the Disposition of Motion to Con- 
tinue. — As in the case of the ship, in the first illustration in 
§ 71, it takes time to communicate motion to the whole 
ship, or, in other words, to overcome its inertia, so, when 
the ship is once in rapid motion, it does not stop suddenly 
when the sails are taken down, but its inertia tending to 
keep it moving is gradually overcome by the resistance of 
the water. If a person stand up in a carriage in motion, 
and the horses suddenly stop, he will be thrown forward, 
for his body has a motion in common with the carriage, 
and from inertia is disposed to go on when the carriage 
stops. When you strike your foot against anything to get 
the snow off, you give the foot and the snow a common 
motion together, then arresting the motion of the foot, the 
snow through inertia passes on. The same thing is illus- 
trated in striking two books together to remove the dust. If 
a ship strike upon a rock, everything on board which is loose 
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IB dashed forward. The earth, aa it revolves on its axis, 
has a velocity at the equator of about 1000 miles an hour. 
If this revolution should be suddeuly arrested, everything 
loose on its surface, having acquired the motion of the 
earth, would be at once thrown eastward, just as the fur- 
niture, etc., on board ship are dashed forward when the 
vessel is stopped by running against a rock. All the 
houses, monuments, and structures of every kind would 
fall prostrate eastward. 

An Sqne8trian Feat. — In the feat of jumping over a cord 
from the back of a galloping horae, represented in Fig. 85, 
the only exertion made 
by the rider is to raise 
himself sufhciently to 
pass over the cord. He 
' comes down again upon 
1 the horse's back, simply 
because of the motion 
which he has in com- 
mon with the horse, his feet going in the path represent- 
ed by the dotted line. If he should attempt to throw 
himself forward, as in leaping from the ground, he would 
go too far, and perhaps strike upon the horse's neck in- 
stead of his back. Skill in jumping from a moving cai"- 
riage consists in making the proper allowance for the 
forward motion which is had in common with the car- 
riage. Most persons are apt to overdo the matter, and 
80 come to the ground prostrate, and with uimecessary 
violence. 

A Case in Court. — A dashing joung mnn driving a light phaelon ran 
against e. heav; carriage. His fadier was indaced bj his son's represen- 
tations to prosecute (he driver of the carriage for driving too fast. A 
knowledge of motal inerlia vary readily decided the case. The son and 
his seiianc both declared in tlie witness-stand that the shock of the car- 
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riage against the phaeton was so great that they were thrown over the 
horses' heads. They thus proved themselves guilty of the fast driving, for 
it was their own rapid motion that threw them out when the phaeton was 
stopped hy running against the carriage. The following case is a parallel 
one : If two hoats — the one, of large size, sailing slowly up stream ; the 
other, a small one, sailing rapidly down — run against each other, a man 
standing in the how of the one going down will be thrown much farther 
forward than one standing in the bow of the other. 

73. Centrifugal Force. — The second part of the first law- 
states that if a body in motion be not inteifered with, it will 
move uniformly in a straight line. This disposition of mo- 
tion to be straight is well illustrated by a consideration of 
centrifugal force ; but, before explaining it, we will briefly 
mention the nature of curved motion. 

We have shown in § 60 that when two or more forces 
act upon a body simultaneously, the motion resulting is in 
a straight line. If, however, you have understood the ex- 
planation of the parabolic path of a projectile (§ 67), you 
have observed that two forces may also produce curved 
motion, provided one of them communicate a single im- 
pulse and the other a succession of impulses. 

Of this we have a familiar example in a ball whirled 
around at the end of a string. You can give it an impulse, 
and then, holding it in your hand, let it whirl. Here the 
impulse given the ball is one force, and the tension of the 
string is the other, the latter acting continuously. Your 
hand holding the end of the string is the centre about 
which the motion revolves; the impulse which you have 
given the ball tends to make it fly away from the centre in 
a straight line, and hence is called the centrifugal force ; 
the tension of the string keeps it from thus flying ofi^, and 
is called the centripetal force. 

This will appear clearer by examining the diagram, Fig. 
86. If the hand holding the string be at A, the impulse 
given the ball B will tend to move it in the direction B C, 
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Fig.SS. 



but the string A B palls it towards 
the centre ; and when the ball reaches 
any other point, as D, it is prevented 
E from pursuing the straight path D E 
by the same cause ; consequently, the 
ball revolves in a circle. That the 
ball would take the direction B C but 
for the resistance of the string can 
easily be shown by experiment: in place of a ball fastened 

to a string we may use a stone in a sling, ^ 

and the instant the stone is set at liberty it ^jnii^ 
will dart off as straight as an arrow (Fig. 87). vft 

When the earth, at the creation, was put in motion, it 
would have moved in a perfectly straight line were it 
not constantly drawn towards the sun hj attraction, the 
continuous notion of this latter force being the same as 
the tension of the string in the case of the whirling ball. 
The force of attraction, then, is the centripetal force of 
the earth, and the impulse which was given to it by the 
Creator in the beginning is its centrifugal force ; and, 
balanced between these two forces, the earth and all the 
heavenly bodies move uniformly onward in their orbits. 
The centrifugal force in these illustrations is simply the 
tendency of motion to a straight line, which is constantly 
counteracted by the centripetal force. 

74. niuBtrationB of Centrifugal Force.—- 
When a wet mop is whirled, the water flies 
off in every direction by its centrifugal force. 
On the same principle a dog, coming out of 
the water, shakes off the water by a semi- 
rotary motion. — When a suspended bucket 
of water is revolved swiftly, the water rises 
high on its sides, and leaves a hollow in the 
middle. It is the tendency to fly away from 
the centre of motion that causes this. If the 




Pig. 87. 
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bucket be held firmly by the covd and swung 
swiftly aronnd the hand as a centre, the cen- 
trifugal force of the water against the bottom 
and sides will prevent its escaping, even when 
thebaeket is upside down, as shown in Fig. 88. 
— ^Large wheels, revolving with great velocity, 
have been broken by the centrifugal force of 
their particles, and hence the necessity of having 
such wheels made very strong. The immense 
grindstones used in gun^factories have some- 
times been broken through iu the middle, oi' 
have burst into pieces with destructive vio- 
lence from the same cause. — A man riding 
horseback on turning a sharp corner inclines 
his body towards the corner, to avoid being 
thrown oflf by the centrifugal force. So, in 
the feats of the circus, a m-in standing on a 
horse rnnnJng at full speed around the ring 
inclines bis body strongly inwards, as shown 
in Fig. 89, The hoi-se also instinctively in- 
clines in the same direction for the same rea- 
son. If the rider find himself in danger of 
falling, by makinrr the horse go 
ding to 
force. 




ty is relieved. — The 
igal force is made 
of in milling. The 
grain is admitted be- 
tween two circular 
stones by a hole in 
the centre of the 
upper one, and as 
the stone revolves 
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it constantly moves towards the circumference, and there 
escapes as flour. 

Bends in Rivers, — We see the operation of centrifugial force in the 
bends of rirers. When a bend has once commenced in a river, it is apt 
to increase, for as the water sweeps along the outer bank of the bend it 
presses strongly against it, jast as the water in the whirled bucket presses 
against its sides, by its centrifugal tendency, or, in other words, its ten- 
dency to assume a straight motion. Of course, the result is a wearing-away 

^ of this outer bank, and in propor- 

tion to the looseness of the mate- 
rial of which it is composed and 
the velocity of the river's current. 
And when one bend is formed, an- 
Vlg. 90. other is apt to form below, but on 

the opposite bank. The water, by sweeping along the bend a, Fig. 90, is 
directed by it towards the opposite bank at b, and makes a bend there 
also. It is in this way that a river, running through a loose soil — t 
the Mississippi, for example — acquires a very serpentine course. 1 
As the water in the whirled bucket rises around the sides, so in i 
the river the water will be Iiigher against the bank a than on the \^ 
opposite side. Eddies and whirlpools are produced on the same I 




principles, when water is obliged to turn quickly around some pro- v^^^ 

- -. ... y 

a towards the point 6, Fig. 91, it would be directed outwards by / 



jecting point. If a current were moving swiftly along the shore rr'* 



the resistance of this projection, and so a depression would be left / 
at c, just behind it, and this depression would be surrounded by a / 
revolving body of water. Fig. 91. 

75. Application of Centrifugal Force in the Arts. — Much 
use is made of centrifugal force in the arts, and we will 
mention a few examples. In the art of pottery the clay 
is made to revolve on a whirling table, the workman at 
the same time giving the clay such shape as he chooses 
with his hands and various instruments. In doing this he 
constantly pays attention to the centrifugal force, giving 
the table a velocity proportioned to the amount of this 
force which is needed in each stage of the operation. One 
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of the most beantiful applications of this force is in the 
manufacture of common window-glaaa as formeily conduct- 
ed. The glass-blower gathered up on the end of his iron 
tube a quantity of the metled glass, and blew it out into a 
large globe. When it was of sufficient size and thinness, 
he placed it on a rest, as sbown in Fig. 92. A second man 
then came with a rod having some melted glass on the end, 
and attached this to the globe at a point opposite to that 
where the tube of the first man joins it. Then a boy 



gave this tnbe a quick blow and severed its connection 
with the globe, leaving a hole in the globe whero the glass 
breaks ont. The second man, having the globe attached 
to his rod, canied it to a blazing furnace, and, resting the 
rod on a bar at its mouth, put the globe dii-ectly into 
the flame. The glass being soon softened, he whirled the 
globe continually around. The hole in the globe enlarged 
by the centrifugal force, and at length by this force the 
globe was changed into a flat, circular disk, fiom which 
were out panes of glass. 

In sugar- refineries the crystallized sugar is freed from 
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tbe viBcid molasses by being placed in a box revolving with 
great speed; the liquid is thrown off by the centrifugal 
force, and collected in a suitable manner. This method of 
drying substances by means of centrifugal motion ia fre- 
quently adopted in the arts ; perhaps the most curious ap- 
plication is to the honey-comb. It has been observed that 
honey-bees provided with a clean comb will at once proceed 
to fill it with honey ; accordingly, filled combs are carefully 
abaved to i-emove the caps on the ccUb, and placed in a cen- 
trifugal machine. When the machine is set in motion, the 
boncy is thrown out of the cells quite perfectly, and the 
emptied comb is replaced in the beehive. By this means 
the valuable time of the busy bees is economized, and they 
are spared the trouble of making fresh wax and new combs. 
Sleam-Oovemor. — The operation of centrifugal force is 
Ijeaulifully exemplified in this regulator of tbe steam-en- 
gine. It consists of two 
heavy balls, Fig. 93, sus- 
pended by bars from a 
vertical axis, the bars 
being connected to tbe 
axis by binges. Tbe bars 
have also a hinged con- 
nection at their lower 
ends with two smaller 
bars, and these latter 
have a similar connec- 
tion with a collar that 
slides up and down on 
the axis. Now the fast- 
^* ertheaxistnms, the far- 

ther the balls fly out from Jt, from the centrifugal force, 
and the higher the collar slides up on the axis. From the 
collar extends a lever. This is connected with a valve in 
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the fiteam-pipe, and bo I'cgulates the amouDt of eteam that 
enters the working paiii of the engine. The object of this 
ingenious contrivance is to make the engine regulate its 
own velocity. When it is not working too fast, the valvo 
in the steaiu-pipe is wide open. But the moment that tho 
engine begins to move too rapidly, the balls extend out far 
from the axis, so that the collar rises, and by the lever 
partly closes the valve. Less steam, therefore, can come 
to the engine ; and the engine working, in consequence, less 
rapidly, the balls fall asain, opening the valve. You see, 
then, that the regnlatiou of this valve by tho governor 
efiectually prevents the engine finni running at a danger- 
ously high speed. 

1 6. Shape of the Barth Influenced by Centrifugal Foioe. — 
If the potter should make a ball of soft clay revolve rap- 
idly around on a stick run through it, the ball would bulge 
ont at the middle, where the centrifugal force is greatest, 
and would be flattened at the ends where the stick runs 
through iL This is precisely what h.as happened to the 
eai'th. At the equator, where the centriftigal force ia great- 
est, it has bulged out about thir- 
teen miles, while it is flattened 
at the poles. This shape was of 
course assnmcd before the earth 

became solid. Fig. 94 represents ^ ^, 

the shape of the earth, ^ S being 
the polar diameter, and E E' the 
equatorial diameter. The depres- 
sion at the poles is much exEu;- ^ 
gerated in the figure in order to 

make the shape manifest. The tendency to take this shape 
from the' centrifugal force may be illustrated by the in- 
strument represented in Fig. 95. It consists of two circu- 
lar hoops of brass connected with an axis, b a. The hoops 
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ai-e fitBtened to the axis at a, 
but are left free at b. By 
' some simple machinery at tha 
top the hoops cau be made to 
revolve rapidly; and bulgiDy 
out at the sides by the ccutrif- 
iigal force, they slide down on 
' the axis at b. 

77. Uniforailty of UotioiL — 
A tiiird point in the first law 
refera to the uniformity of nio- 
^ tion in the absence of any in- 

terfering cause. This uniformity is tnie both of the direo 
tion and of the velocity. 

Suppose a body to be set in motion-, and to meet with 
no opposition from friction, or the resistance of air, or at- 
traction, it would move on forever, and with the same ve- 
locity with which it began. Now precisely these circuni- 
etancea exist in the motion of the heavenly bodies in 
their orbits. They are, it is trne, under the influence of 
attraction, but in such a way, as you will soon see, as not 
to interfere with the uniformity of their motion. Were it 
not for this uniformity, we should have no regularity of 
times and seasons. It is only by the uniform motion of the 
earth round the sun, and round its own 'axis, that we can 
calculate for to-morrow, or next week, or next year. If 
these motions were irregular, it would throw confusion into 
all our oalculalions for the future and all our recollections 
of the past. We can measure time by nothing else than reg- 
ular motion ; and were there no regular motion, we should 
have merely the very inaccurate measure furnished by our 
sensations. To measure time with accuracy, we take some 
great and extensive uniform motion as our standard. Thus, 
the revolution of the earth around the sun we take as one 
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division of time, and call it a year. We observe that dur- 
ing this time it whirls around on its own axis 365 times, 
and the time occupied by each of these revolutions we call 
a day. 

The impossibility of producing on the earth*s sarface a condition of 
things similar to that in the empty space through which the heavenly bodies 
move is an argument against the attainment of perpetual motion. It is 
evidently impossible to annihilate external forces, such as gravity, the re- 
sulting friction, etc., and consequently the motion of any object will not be 
uniform, but continually retarded. Perpetual motion (the dream of vision- 
ary philosophers of many centuries) is, then, a mechanical impossibility. 

78. The Second Law of Motion. — The second law of mo- 
tion states that a given force always produces the same 
effect, whether the body on which it acts be in motion or 
at rest, and whether it be acted upon by one or more forces 
simultaneously. This is in reality an expansion of the first 
law, and its principles have been anticipated in speaking 
of compound motions (§ 60) and of projectiles (§ 67). Thus, 
whatever the number of forces acting upon a body, each 
force may be regarded as producing independently its own 
change of motion. When a ball is thrown horizontally, 
the deviation from a straight line leads to the inference 
that it is affected by another and vertical force — that of 
gravity. 

79. The Third Law of Motion. — The third law of motion 
states that action and reaction are equal — that is to say, 
when any of the causes of motion act, the action is met by 
an opposite and equal reaction. If, for example, a blow 
be given, an equal blow is received in return. For this 
reason, if one in running hit his head against the head of 
another, both are equally hurt. When a child knocks his 
head against a table, there is sound philosophy in the com- 
mon saying that he has given the table as good a blow as 
he has received, though it may afford him no comfort. 
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Many very interesting illustrations of this law of motion 
suggest themselves, of which we will give a few. 

A swimmer, pressing the water downward and backward 
with his hands and feet, is carried along forward and up- 
ward by the i*eaction of the water. And in this case, as in 
every other, the greater the action, the greater is the reac- 
tion ; in other words, the more strongly he presses with his 
hands and feet, the more rapidly is he borne along by the 
reaction of the water against the pressure. A boat ad- 
vances in proportion to the force with which the oars press 
against the water. So the rapidity of a steamboat depends 
on the force with which the paddles drive the water astern. 
Birds rise in the air by the reaction of the air against their 
wings as they are pressed downward. A sky-rocket pur- 
sues its rapid flight because a large quantity of gaseous 
matter issues from its lower end, and, being resisted by the 
air, its pressure throws the rocket upward. If a ship fire 
guns from the stern, its advance will be accelerated ; but if 
from the bow, it will be retarded. When a broadside is 
fired, the ship inclines to the other side. 

Further Illustrations. — If a spring be compressed between two eqnal 
bodies, it will throw them off with eqaal velocities. If they are un- 
equal, the velocity of the smaller body will be greater than that of the 
larger, and in proportion to its smallness. For this reason, when a ball 
issues from a cannon, though the cannon and the ball are equally acted 
upon by the elastic or expansive force of the gases set free by burning the 
powder, the gun is moved but very little, because the force is diffused 
through so large a mass ; while the ball, being so much smaller, moves with 
great velocity. When a volcano throws stones from its crater, the earth 
may be compared to the cannon, the stones to the ball, and the explosive 
materials throwing the stones to the exploding powder projecting the 
ball. Since the cannon is moved as much as the ball, the earth also is 
moved as much as the stones, the only reason that it does not move so 
fiir and so rapidly being that the force is diffused through so large a 
bulk. These examples illustrate very well the relation of action and re- 
action ; for whenever there is an action of one body upon another, it is as if 
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a spring were between the two bodies, acting equally upon both. When 
a man jumps from the ground, it is as if a spring were compressed between 
him and the earth, and this expanding moves the earth exactly as much as 
it does the man. He really kicks the earth away from him. The motion 
of the eaith is not obvious because it is diffused through so Inrge a mass. 
The case is parallel to that of the ball and cannon. The same foix:e is 
exerted upon the man and the earth ; but the man, like the ball, moves the 
most, and in proportion to his small size. So when a bird hops from the 
ground, the earth moves as really as the bird. If the bird hop from a twig,, 
you perceive that the twig is moved by the pressing-down of the bird as it 
rises. When it starts from the ground, it exerts the same downward 
pressure, and moves the earth as really as in the other case it did the twig. 
Of course, many of these motions are fiir too small to be perceptible, and 
too insignificant to take into account under ordinary circumstances. 

80. Commonication of Motion in Elastic Bodies. — Addi- 
tional proof of the truth of this law is shown in the 
communication of motion in elastic bodies. Momentum, 
is transferred from one body to another very differently 
in elastic and non-elastic bodies. As shown in § 61, when 
one non- elastic body strikes upon another, the momen- 
tum is divided between them, and both move on to- 
gether. Now, if a and i, Fig. 96, 
were elastic bodies, as ivory balls, 
and b should be let fall against a, 
it would give all its momentum to 
a. Therefore b would stop, and a 
would move on to the same height 
from which b came. The reason is, 
that the velocity lost by b and re- 
ceived by a is just double what it Pig. 96. 
would be if the balls were non -elastic. For the same 
reason, if a and b, being elastic, meet each other from 
equal heights on the arc, they will both rebound, and re- 
turn to the same heights from which they came. But if 
non-elastic, they simply destroy each other's momentum 
and stop. The effect produced in the former case is just 




twice as great as in the latter, aa you may see by reckon- 
ing on the arc. For the same reason, too, if you havu a 
row of elastic balls, aa in Fig. 97, 
and let a fall from the point i 
npon b, it will stop there; and 
communicating all its momentum 
to b, this momentum will pass 
from b to c, and so on through 
^''''■^'- all the row of balls to e, the last 

one, which will fly off to the point A, at the same height 
with i, the point from which a fell. If & be held still, and 
a be let fall upon it, a will rebound to the height from 
which it fell, for then the compi'essed clastic spring of each 
ball, b being immovable, communicates all the motion to O. 
It is for this reason that an elastic ball, on being thrown 
against anything fixed, rehoands. If it be thrown against 
a perfectly elastic body, it rebounds with a force equal to 
that with which it is thrown. The transmissioD of soand 
by the air takes place in a somewhat similar manner, as 
will be shown in Chapter XIY. 



QUESTIONa 
16. What is said of the coorse of bodies thrown inlo the air ? Give the 
comparison of n man on a steamboat Why doea the almoaphere move 
with the earth?— 67. Explain the parabolic path of prDJectilea. Wliat 
three forces net npon a stono thrown into the air? What is the path of a 
bodj projected horizontally ? Show that the shape of the curve is modified 
bj the force exerted. Show nhy a halt dropped from the month of a can- 
non vfill full to the ground in the game time as one fired from it — 68. By 
what two forces is a falling body acted npon 7 Explain Fig. 84. What is 
the course of a ball dropped from a railn-ay car or from a mast-head ?— GO. 
Give the compnrison between tbc cRnnon-bnll and the moon. What is said 
of the velocities of the heavenly bodies?— 70. What are Nemton'g laws of 
moUon? From what principle does the first law follow? — 71. Dlnstrate 
the bet that iner^ is shown in the commnnication of motion. — 72. Give 
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illustrations of inertia as shown in the disposition of motion to continue. 
Describe and explain the equestrian feat mentioned. What is said of skill 
in jumping from a moving carriage ? Relate the case in court.— 73. What 
is stated in the second part of Newton's first law ? What is said of curved 
motion ? Explain the diagram (Fig. 86). What are centrifugal and cen- 
tripetal forces ? What forces con*espond to these in the revolution of the 
earth around the sun ? — 74. (Jive illustrations of the various operations of 
centrifugal force. What is said of the formation of bends in rivere ? Show 
how eddies and whirlpools are formed. — 75. How is centrifugal force used 
in the art of pottery. How in making window-glass ? How in sugar- 
refineries ? What is said of the honey-comb ? Describe and explain the 
operation of the steam-governor. — 76. What is said of the agency of cen- 
trifugal force in shaping the earth ? Explain the operation of the ap- 
paratus mentioned.— 77. What is said of uniformity of motion ? What of 
its uniformity in velocity ? State by what means we calculate time. What 
is said of perpetual motion ?— 78. What is stated in the second kw of 
motion?— 79. What is stated in the third law of motion? Illustrate the 
law. Give the illustration of the spring. Of the cannon-ball. Of the 
volcano. What is said of the jumping of a man from the ground ? What 
of the reaction in the case of a hopping bird ?— 80. Explain the additional 
proof of the law shown in the communication of motion in elastic bodies. 



CHAPTER IX. 

THE SIMPLE MACHINES. 



81. Machines not Soorces of Power. — As shown in § 56, 
the forces of nature at our command are few in number, 
and under many circumstances only one — gravitation — is 
available. Nature seldom provides forces in a form direct- 
ly suited to the accomplishment of work, and we therefore 
resort to contrivances called maehinesy by which one form 
or degree of force is transformed into another, and rendered 
serviceable. From an erroneous idea of the principles in- 
volved, six simple machines, named respectively the JLever^ 
the Whed and Axle^ the Inclined Flane^ the Wedge^ the 

F2 
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ScreWy and the PuUey^ were formerly spoken of as the 
Mechanical Poioers. These machines, however, are in no 
sense powers, but merely means of applying power to 
advantage, and are not in themselves sources of power. 
No instrument or machine can create power, and the only 
use of all the variety of tools and machinery is to enable us 
to apply power in such a manner, with such a velocity, and 
in such a direction as to effect the objects which we have 
in view. Excepting old usage, there is no reason why the 
term mechanical powera should have been confined to the 
six contrivances above named. Any arrangement of solid 
or rigid parts, moving with different velocities whereby 
one manifestation of force is converted into another, equal- 
ly deserves the appellation mechanical power. 

Before proceeding to a consideration of the six simple 
machines, we will explain a few of the terms employed. 
Power is the force by which a machine or instrument is 
moved. Weight is the resistance to be overcome. If the 
resistance be in some other form than that of weight, it is 
called technically by this name. So what is called power 
may be in the form of weight. The fulcrum is the point 
on which the instrument or machine is supported while it 
is in motion. 

82. Lever of the First Kind. — A beam or rod of wood, 
iron, or any other material, resting at one part on a prop, 
or fulcrum, about which the beam can move is called a 
lever^ the name being derived from a Latin word mean- 
ing to lift. The lever is the most simple of all simple 
machines, and is -therefore in universal use. Though the 
savage makes use of few tools in comparison with the 
civilized man, he uses the lever almost constantly in some 
form. The wedge is the only one of the other simple ma- 
chines that he uses to any great extent. Levers are of 
three kinds, commonly called the first, second, and third 
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Junds, the difference depeudiug on the relative position of 
the power, the weight, and the fulcmm. 

In the lever of the fii-st kind the fulci'um, or prop, is be- 
tween the weight and the power. The common ciow-bar, 
or hand-epike, ia a fa- 
miliar example, as seen 
in Fig. 98— the stone, 
S, or other heavy body 
to be moved being the 
weight, the stone or 
block of wood, F, on 
which the bar rests 
being the fulcrnro, and Fins. 

the pressure of the hand, H, the power. The nearer the 
fulcrum to the weight, or the 
farther the powei- from the 
falcrnm, the greater is the 
force of the lever. This may 
be illnetrated in Fig. 99. Here 
the short arm of the levei', as 
"*"■ it is called, C W, is one eighth 

of the length of the long arm, AC. If the weight hanging 
at the end of the short arm be 72 pounds, a weight of 9 
poands, or the force of a hand equivalent to this, will bal- 
ance it at the end of the long arm. But if the power 
should be applied at only four times the distance from the 
falcrnm at which the weight is, then it would i-equire a 
force of 18 pounds to balance the 72 pounds on the short 
aim. Similar variations can be made by altering the 
length of the short arm. The power and the weight bal- 
ance each other when the weight multiplied by the length 
of the short arm, and the power multiplied by the length 
of the. long arm, give equal products. 
Steeli/arda and the Balance. — Examples of levera of this 



136 



NATURAL PHILOSOPHY. 




SIg.lOO. 



kind are very common. 
In an ordinary balance, 
Fig. 100, we havd a lever 
the two arms of which 
are equal, and therefore 
equal weights suspended 
at the ends balance. If 
they be not exactly equal, 
a heavier weight will be 
necessary on the shorter 
arm. The inequality will 
injure the buyer if the 
prop be too near the pan 
in which the weights are 
placed, and the seller if it be too near that which holds the 
article to be sold. Any difference can be easily detected 
by changing the places of the article and the weights. 
Whenever cheating is practised by the " false balance," it 
is of course done in a small way, to avoid any observation 
by the eye of the inequality of the two arms of the scale- 
beam, and the weight of the pan hanging from the shoiter 
arm is made a little greater than that of the other, so that 
they may balance. Balances may be rendered very accu- 
rate by making the fulcrum or pivot of hardened steel, and 
of a wedge shape, with a sharp edge, in order to avoid fric- 
tion as much as possible. 

The steelyard, Fig. 101, differs from the balance-beam in 
having the arms of different lengths. The principles on 
which this instrument is constructed were developed in ex- 
plaining Fig. 99. With either the balance or the steelyard, 
when two weights balance each other, the centre of the 
weights and the apparatus taken together is just over the 
fulcrum. Hence the necessity for placing the prop near the 
large weight when we wish to balance it by a small one. 
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In Fiff. 101 C is the ful- 
crum, P the weight to be 
determined, and Q the 
power applied in the form 
of a hanging weight. 

Other Examples. — Scissors 
are doable levers of the first 
kind. The falcram is the rivet, 
the weight or the resistance to 
be overcome is the article to' be 
cut, and the power is applied to 
the long arms of the levers by 

the fingers. With large shears hard substances can be cnt. Even plates 
of iron are cut like paper by shears worked by a steam-engine. — ^Pincers * 
are doable levers. The hinge, or rivet, is the fulcrum. — The common 
hammer, as used in drawing nails, is a good example of the power of this 
kind of lever. Though crooked, it acts in the same way with a straight 
lever. The fulcrum is the point on the board where the hammer rests, 
and this is between the resistance to be moved, the nail, and the power, 
that is, the hand which grasps the handle. 

- 83. No Gain of Power in this Lever. — ^We will now illus- 
trate the truth that there is no gain or saving of power in 
this lever, as might at first thought seem to be the case. 

Let a bj Fig. 102, represent a lever, 
and e its fulcrum. Let the arm a e 
be twice as long as 6 ^ A pound, 
then, suspended from a will balance 
two pounds at b. If now, when the 
weights are suspended, the long 
arm be raised so that the lever oc- 
cupy the position represented by 
the line c d^ and then let go, the 
one pound at c, balancing the two 
^unds at d, will bring the lever again to the position a b. 
It will be perceived that the end of the long arm of the 




Fig. 102. 
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lever moves through the space a <?, which is larger than 
h dy through which the end of the short arm moves, in the 
same time. The one-pound weight, in .fact, falls two feet 
in raising the two-pound weight one foot, and it moves 
twice as far as a one-pound weight suspended at i would 
do. If a one-pound weight could raise a two-pound weight 
without thus moving through twice as much space, an 
actual gain of power in the lever would indeed resujt. But 
it evidently makes no difference whether one pound moves 
through two feet or two pounds through one foot; the 
force is the same in both cases. For the momentum or 
force of a moving body is in proportion to its weight and 
velocity (§ 61) ; and therefore the pound weight moving 
through two feet has as much momentum as the two-pound 
weight moving through one foot in the same time. The 
small weight does the same amount of work that the larger 
one would by moving twice as far in the same time, just 
as a boy who carries a load half as large as a man will 
do as much work as the man if he carry it twice as fast. 

The Seesaw, — The same 
thing is illastrated in the see? 
saw, Fig. 103. The man, being 
mach heavier than the boy, is 
nearer the prop ; and as they 
move np and down the boy 
passes over a much larger space 
than the man, describing an |irc 
in a mnch larger circle. 

Archimedes^ 8 Lever. — Archi- 
medes, a distinguished mathema- 
tician and philosopher who lived 
about 250 years before the Chris- 
pj ^Q^ tian era, said that if he could 

have a lever long enough and a 
prop strong enough, he could move the world by his own weight. But he 
did not think how far he himself would have to move to do this, owing to 
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^s vast difference between the vdglit or bia body and thnt of [he earth. 
" He would have required," snja Dr. Amott, " to move with itie velocity 
of a cannon-ball for millions of yearo to alter the position of the earth bj a 
small part of an inch." Somewhat analogona to tbia is tho case of the 
Hydrostatic Bellovrs and of Bramah'a Press, ng irill he explained in Chap- 
ter X. In all these cases great effects are produced by small power, which 
itself baa lo accomplish extensive motion. 

84. Iiever of tile Second Kind — In tlie Becond kind of 
lever the weight is between 
the fnlcrum and the power, as 
shown in Fig. 104. The same 
rule of equilibrium applies hero 
as in the case of the lever of the 
first kind. The 72 pounds of 
weiglit can bo sustained by 8 
pounds of power, because the Fie.iM. 

power acts on the lever at 9 times the distance from the 
fulcrum that the weight does, for 1 x72=9x8. The com- 
mon wheelbarrow. Fig. 105, 
is an e:cample of this kind 
of lever. Tlie point at 
which the wheel presses 
on the ground is the ful- 
crum, and the weight is 
the load, its downward 
_ pressure from its centre 
^e-i**- of gravity being indicated 

at M. Of course, the nearer the load is to the fulcrum, the 
easier it is, on starting, to raise tho handles. The common 
hand-barrow furnishes another illustration (see Fig. 106). 
If the load be placed in the centre, each of the men carries 
half, for the polo becomes a lever, of which each porter 
is a fulcrum as regai-ds the other; if the load be shifted 
towards one of the men, he will have to carry a larger 
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share than the other. 
The crow-bar can be 
used as a lever of the 
eecoud kind when its 
point is placed be- 
yond the weight to 
be raised. The chip- 
ping-knife, Fig. lOV, 
Fig.io«. is another esample^ 

The end attached to the board ib the fulcrum, the press- 
ure on the Iiandle the 
power, and the resistance 
of the substance to be 
cut is the weight. Nut- 
crackei-s operate in a sim- 
ilar manner. In shutting 
a door, by pushing it 
near its edge we move 
a lever of this kind. The hinge is the fulcrum, and the 
weight is between this 
and the hand. We see, 
I then, the reason that the 
ght push of a hand 
shutting the door may 
even crush a finger when 
^'s-'i^o^ caught ill it at the side 

where the hinges are. The finger is a resistance so near 
the fnlcrum that the power moving through a great space 
acts upon it with immense force. The same explanation 
applies to the severe bite of the finger when it is caught in 
the hinge of a pair of tongs. The oar of a boat is a lever 
of this kind, the weight to be moved being the boat, and 
■ the fulcrnm, singularly enough, being the unstable water. 
85. ZiBver of the Tbird Kind. — In the third kind of lever 



Fig. 107. 
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the power is between the fulcrum 'Visih,^64a ibs 

and the weight, as seen in Fig, 
109. In the first two kinds of 
lever the power may be less than 
the weight, but in this the power 
must always be greater than the 
weight. The advantage of this 
lever consists in the great extent ^' ' 

of motion obtained. Applying the same rule here as in the 
other levers, let us calculate the result. If the weight, as 
in Fig. 109, be 9 times as far from the fulcrum as the pow- 
er, it will require a power equal to a weight of 648 pounds 
to sustain a weight of 12 pounds, for 9 x 72 = 1 x 648. 

Examples, — When a man puts his foot against the end of a ladder,- and 
raises it by taking hold of one of the rounds, the ladder is a lever of this 
kind. It is evident that he spends his force upon it at a great mechanical 
disadvantage, for the power is applied much nearer to the fulcrum than is 
the weight of the ladder, taken as a whole. If you push a door to by plac- 
ing your hand very near the hinges, you do not shut it as easily as when 
jou take hold of it at its edge. In the first case it is a lever of the third 
kind, and the hand moves through a small space, and therefore must exert 
a considerable force ; while in the latter case the door is a lever of the sec- 
ond kind, and the hand, moving through a greater space, puts forth less 
force. When we use a pair of tongs, we use a pair of levers of the third 
kind. They are an instrument in which convenience rather than power is 
needed. We cannot grasp anything very firmly with them because the 
power is so much nearer to the fulcrum than the weight to be lifted. For 
this reason, a pinch with the ends of the tongs is of small moment com- 
pared with one in the hinge. The anatomical structure of animals fur- 
nishes a most beautiful example of this lever. Take, for example, the 
principal muscle which bends the elbow, as represented in Fig. 110. This 
comes down from the shoulder in front of the bone of the arm, and is ii^ 
serted just below the elbow-joint into one of the bones of the forearm. It 
pulls upon the forearm very near the fulcrum, which is the elbow-joint, and 
so acts at a great mechanical disadvantage. The object of this arrange- 
ment is to secure quickness of movement, which is here, as in almost all 
muscular motions, of more importance than great strength. When great 
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Fig. 110. 

weights are lifted, the fact that the muscles act at sach mechanical disad- 
vantage makes the exhibition of power wonderful. 

86. Componnd Levers. — When several levers are con- 
nected together, we call the whole apparatus a compound 

lever. Let each of 

F' 



the levers in Fig. 
1 1 1 be 3 inches long, 
the long arms being 
2 inches, and the 
short ones 1 inch. 




Pig. 111. 



w^ 



One pound at A will, according to the rule, balance 2 at B, 
and 2 at B will balance 4 at C, and 4 at C will balance 8 at 
D. Therefore 1 pound at A will balance 8 pounds at D. 
Hence it is evident that an equilibrium is effected when the 
power is to the weight as the product of all the short arms 
is to the product of all the long arms. The compound lever 
is used in weighing heavy loads — as hay, coal, etc. Fig. 112 
shows a represen- 
tation of the ar- ryCK^>?t>i 
rangement. The ' -- ^^^^ ^ 
load, W, stands 
on a platform, 
A B, which rests 
upon two levers, 
E D and E C. 
The long arms of 




Fi},'. 112. 
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these levers are E G and E F, and the short arms are 
O D and F C. The ends of the long arms pi-esa upon the 
fulcrum of the lever, H I. The pressure is transmitted 
from the end of the long arm hy the rod, I K, to a small 
lever, K L, where a small weight or power, P, balances the 
weight of the heavy load, W. The two objects secured 
by this arrangement are accuracy and the occnpatioD of a 
small apace. , 

87. 'Wbeel and Axle. — Tlie next of the simple machines 
is the wheel and axle. The most familiar applications of 
this power are seen in drawing water and in raising heavy 
articles in stores. The principle of this ^______^ 

power is the same as that of the lever, y^ ^X 
as may be shown in Fig. 113, which / \ 

represents a section of the wheel and ^ ^BlB | 

axle. The power, P, hangs by a cord \ ^^i i 
wliich goes round the wheel, and the 
weight, W, by a cord around the axle. 
We may consider the power as pulling 
on a lever represented by A B, the 
long arm of which is A C, and the i:ib.»">. 

short arm B C. Tou see that the wheel and axle, then, 
may be riewed as a constant succession of levers, and it 
is therefore some- 
times called the 
perpetual lever. 
And the same 
mle of equilibri- 
nm applies hei'e 
as in the simple 
lever. 

In the com- 
mon windlass 
Fie. 114. the power is ap- 






m 
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plied to a winch or cianb, C F, Fig. 114, instead of a wheel. 
In estimating the power of this arrangement, F C must be 
considered the long arm of the lever, and half the diameter 
of the axle, B B, aa its short ai-m. 

The Capstan. — In the capstan, represented in Figs. 115 
and IIB, the axle is in a vertical position. The top of it is 
pierced with holes, into whieli levers are introduced. Fig. 
115 shows the instrument as commonly used in. moving 
buildings. Some- 
times horse -power 
is applied at the 
ends of the levers. 
Great power is ex- 
erted \>j this in- 
t Btrament; but we 
i have the same fact 
here as in all other 
cases where a small 
force produces a 
great effect — the effect ia slow, and the force passes over a 
great space in producing it. The moving of a building a 
foot i-eqnii-es many circuits of the horse aronnd the axle. 
The capstan, as constructed for use on ships, Fig. 116, has 
a circular head, with many boles for levers, so that many 
men can work together in raising 
a heavy anchor. The cable, being 
wound around the capstan several 
times, is prevented from slipping 
by friction; and, as one end of 
the cable unwinds, the other is 



wound 



up. 




Fuue of a Watch.— In the fusee of a walch we linve a wheel and axle 
of a pcculinr consiruction. When we wind op b. watch, the chain is noand 
around the spiral pathway on the fusee, B, Fig. 1 1 7, and, at the same tine, 
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tbe Epring U coiled up lightl; in tbe round 
boK, A. Th« spring, in gradnallj uncoiling 
itself, lums this roand box around, and thua 
palls upon ibe chain, c, making tbe fusee to 
TeYoIre, and tbus give motion to other pa.ris . 
of the macbinerj. Now the spring, in its X p. ^^. b 

eSort to uncoil, acts strongest at first; and^ 

therefore, if tbe fusee were of uniform size, the watch would go fastest 
when first wound up, and go grndaallj slower as it ran down, 'i'bis diffi- 
cult]' is obviated bj giving the power a small wheel to pull on nt first, and 
gradually enlarging tho wheel as tbe spring nncoils. Becaase, in order to 
produce n cerinin vffcct on n given weight, the lean tlie power, liie longer 
must be ilifl aiin of the lever on which |bo power acts, 

88. PnUeys. — Another simple machine is the ptiUey, by 

which masses moving with difTerent velocities may be cod- 

, neoted, and thua forces of different degrees of 

^^SS^^^ inteDsity balanced. PulleysarGoftwokindB, 

^^ ^TT Jbxd and movable. Fig. 118 represents a 

^^^^^ tixed pulley; the wheel, A B,has a groove in 

J^^HHb its circumference which prevents the rope 

^^^^R from slipping. Its action may be conceived 

I I of as that of Buccessive levers of equal arms, 

JL jl and, therefore, equilibrium \ 

LI IM requires equality of power ' 

Pig. IIS. and weight. Fixed pulleys 

arc used to change the direction of forces, 

- as in hoisting sails 
on board ship. By a 

- combination of two 
fixed pulleys a hon- 
zontal force may be 
used to raise weights 
vertically, as shown 
in Fig. 119. 

Fig. lie. MovabU PaUeys. — 
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Fig. 120 repi-esents a niovnble pulley. In this case it is 
evident that the force exerted by the weight is equally di- 
vided between the ropes S^ and S,. A movable pulley is 
Bometimes called a " runner," mid a fixed pulley is often 
connected with it in oivler to give the desired direction 
to the force. Pulleys are often connected in complicated 
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-If ays. Fig. 121 shows a system of fixed and movable 
pulleys; the weight, q^ is evidently upheld by six cords, 
which divide the weight equally among them. If q 
weigh six pounds, equilibrium will be obtained by mak- 
ing the weight of p equal to one pound; at the same 
time, it must be remembered that p will move six feet 
while q moves only one. Other arrangements of pulleys 
are shown in Figs. 122 and 123. The combination of pul- 
leys in one block having a single axle (Fig. 122) is in com- 
mon use. 

89. The Inclined Plane. — This, being a very simple con- 
trivance, is much used, especially when heavy bodies are 
to be raised to only a small 
height, as in moving large boxes 
and hogsheads into stores. The 
advantage of the inclined plane 
may be illustrated by Fig. 124. 
The line A c represents an in- 
clined plane. If a weight be Fig. 124. 
drawn up this plane, it is raised only the height B c, 
A smaller power is requisite to draw the weight up the 
plane than to raise it perpendicularly; and the power 
necessary will be the less the longer the plane. A pow- 
er which would balance a weight on an inclined plane 
would be to the weight as the height of the plane to 
its length. Thus, if A c be twice as long as B 0, a 
weight of four pounds on the plane may be balanced by 
a two -pound weight suspended by a cord passing from 
the weight over the summit of the plane. A flight of 
stairs is constructed on the principle of an inclined plane, 
the projections in it being for the purpose of affording a 
sure footing in ascending or descending. In like man- 
ner hogsheads are let down the steps of a cel!ar-way 
by ropes, and it makes no difference in the principle 
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of the operation whether planks he laid on the steps 
or not. 

It is supposed that tbe immense stones in the pyramids and other 
massive Egyptian structures were put into their position by means of 
inclined planes. Roads, when not level, are inclined planes ; and the 
steeper the inclination, the more power is required to draw a load up the 
road. Great mistakes were formerly made 'in carrying loads straight over 
high hills. Besides failing to take advantage of the principles of the in- 
' clined plane, in many cases the horse, in going over a hill, passes over quite 
as much space as he would if the road were made to go round the base of 
the hill, and sometimes even more. If the hill were a peifect hemisphere, 
a road over it would be just equal in length to a road around its base to 
the opposite point. 

90. The "Wedge.— This simple device may be considered as 
two inclined planes placed with their bases together, as seen 

in Fig. 125. Indeed, sometimes the 
wedge has one side only inclined, 
it being but half of the ordinary 
wedge. The difference between the 
Fig. 126. inclined plane and the wedge in op- 

eration is that in the first the inclined plane is fixed, and 
the weight is made to move up along its surface ; while in 
the latter the weight — that is, the resistance — is stationary, 
and the surface of the plane is made to move along upon 
it. The power of the wedge is estimated just like that 
of the inclined plane ; that is, by comparing the thickness 
of the wedge with the length of its side. The less tlie 
thickness of the wedge compared with its length, obviously 
the more powerful is the wedge as a penetrating instru- 
ment. The wedge is used for splitting blocks of wood and 
stone, for producing great pressures, for raising heavy bod- 
ies, etc. All cutting and piercing instruments — knives, ra- 
zors, axes, needles, pins, nails, etc. — act on the principle of 
the wedge. 
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Koives, planes, chisels, etc., arc oflen used somewliat iu 
the manner of a saw, by drawing their edges againRt the 
object to be cut, at the same time that the pressure ap- 
plied exerts the influence of a wedge. The edge of a 
sharp knife examined under a microscope proves to be 
serrated. The sharpest razor, it is said, may be pressed 
directly against the hand with considerable force without 
cntting the skin, while if drawn ever so little lengthwise it 
will inflict a wound. 

91. The Screw. — This is another of the simple machines. 
Its principle is esscntiuily that of the inclined plane. The 
"thread" running aronnd the sciew is an inclined plane 
which is spiral instead of straight; and the corresponding 
part in the nut is an inclined plane running in the opposite 
direction. In the common screw the nnt is fixed, and the 
screw is made to play np and down in it; but sometimes 
the screw ia fixed, and the nut is made to play around it. 
The screw acts like a wedge, and has the same relation to 
a straight wedge that a road winding up a hill has to a 
straight road of the same length and rise. Especially does 
the comparison hold when the screw is forced into wood ; 
the wedge goes straight into the wood, but the edge of the 
screw*s thread enters the wood spirally. 

To eslimale the force of the screw, ire comparo the length of one tnni 
of the thread around it with the height to which the Ihi-end rises in going 
round. Let a b. Fig. 126, represent one turn of 
the thread, b c the height to which it goes. It ia 
clear from the figure that the priaciple which ap- 
plies to the inclined plane and to the wedge applies 
here also. Since the less the height of the plane, 
the easier it is for a weight to be dinwn up it ; and 
eince the less the depth of the wedge, the less is it 
resisted; therefore, the less the height of the turn of ' 
the screw's thread, the easier ia it to move the screw, 
and the greater (he force which it exerts. Hence the 
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Fig. 12T. 



prodigious power of a screw with a 
thread which rises very slowly in its 
spiral tarns. Screws are much used 
when great pressure is required, as 
in pressing oils and juices from vege- 
table substances, in compressing cot- 
ton into bales, in bringing together 
with firm grasp the jaws of the vice, 
etc. In turning the screw a bar is 
used, so that we have in this instru- 
ment the combined advantages of the 
screw and the lever (Fig. 1 27). That 
you may have some idea of the power 
of these two instruments acting to- 
gether, we will state an imaginary 
case. Suppose it is desired to raise 
by the screw a weight of 10,000 pounds. Let a tura of the screw be ten 
inches long, and the rise be but one inch. Then, so far as the screw is 
concerned, the power requisite to raise the 10,000 pounds will be 1000 — the 
ratio of the height of the thread's turn to its length. But the power of the 
lever is yet to be estimated. Let the length of the lever, passed through 
the head of the screw so that it is equal on each side, be thirty inches. 
The diameter of the screw is about three inches, or one tenth of the diam- 
eter of the circle described by the end of the lever. It will take but a 
power of 100 pounds to raise the weight, the ratio of the radius of the 
screw to half the length of the lever. 

92. Other Simple Machines. — When the old idea prevail- 
ed that the simple machines were but six in number, it was 
shown that these could be reduced practically to three, for 
the wedge and the screw are modifications of the inclined 
plane, and the wheel and axle is a modification of the 
lever. As already mentioned, however, there is no neces- 
sity for limiting to so small a number the simple machines, 
provided we regard them as simply modifiers of motive 
power. The toggle-joint is a simple machine, in which the 
connected parts are arranged so as to move with different 
velocities. It is used to raise carriage -tops, and, when 
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made of immense strength, to exert great pressure 
through a small space, as in shearing and punch- 
ing iron. Fig. 128 represents, in skeleton form, a 
toggle-joint. Machines which change the direc- 
tion of the force applied are very numerous, but 
a study of them belongs properly to higher me- 
chanics. We see their applications in compli- 
cated machines in common use — the printing- 
press, sewing-machine, steam-engines, locomo- 
tives, and many others. 

93. The Pendulum. — Certain mechanical contrivances are 
designed for the modification of mere motion^ without any 
reference to the transmission of forces : such are watches, 
clocks, and timepieces of every description. These instru- 
ments have for their object the production of a perfectly 
uniform motion with a view to the measurement of time. 
The motion-regulator by which clocks are controlled — the 
pendulum — demands a somewhat extended notice. 

Various modes of measuring time have been adopted by 
mankind. At first, time w^as inaccurately divided by mere- 
ly observing the sun. But after a while man resorted to 
various contrivances to measure short periods of time with 
accuracy. All of these depend upon the uniformity of mo- 
tion alone. The sundial measures time by the uniform 
movement of the shadow on its face, caused by the uni- 
form movement of the earth in relation to the sun. The 
hour-glass measures time by the uniform fall of sand pro- 
duced by the attraction of gravitation. The best measure- 
ment of time is by the comparatively modern invention 
of clocks and watches, in which time is divided into very 
minute periods by the unifomi motion of the pendulum or 
the balance-wheel. The pendulum furnishes an interesting 
example of motion sustained by the influence of gravity. 
It was not till the time of Galileo, less than three centuries 
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ago, that its operation was understood and appropriated to 
the measarement of time. He observed that a chandelier 
hanging from the lofty ceiling of a cathedral in Pisa vi- 
brated very long and uniformly when accidentally agi- 
tated, and the thought of the philosopher evolved from 
this phenomenon the most important results. Though it 
had been before men's eyes in some shape or other since 
the creation, it was reserved for Galileo to observe its 
significance, and to pave the way which has led to the 
use of the pendulum as man's time-keeper over the whole 
earth. 

Mmplanation of its Operation, — A pendulum commonly 

consists of a ball or weight at the end of a rod suspend- 

a ' ed so as to vibrate with little 

^^ friction at the point of the sus- 

\ pension. Let a by Fig. 129, rep- 

\ resent such a pendulum. When 

\ it is at rest, it makes a plumb- 

\^s, line hanging towards the centre 

^-' of the earth. If it be raised to 



z^. 



/ 






o 



j^fr c and be left to fall, the force of 

^'^- ^^* gravity will not only carry it to 

by but, by the accumulated momentum acquired in its de- 
scent, gravity will carry it to d. The same would be true 
of its return from d. And it would vibrate forever in this 
way if it could be entirely freed from the resistance of the 
air and from friction. But, as it is, the pendulum, left to 
itself, gradually loses its motion from these obstacles. In 
the common clock, the office of the weight is to counteract 
the influence of these obstacles and keep the pendulum vi- 
brating. In the watch, the mainspring performs the same 
office to the balance-wheel. 

The times of the vibrations of a pendulum are nearly 
equal, whether the arc it describes be great or small ; for 
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when the vibration is a large 
one, the velocity which the 
pendulum acquires in falling is 
greater than when the vibration 
is of small extent. The reason 
is, that the higher it rises, the 
steeper the beginning of its de- 
scent. Thus a c. Fig. 130, is ^^^•^^^• 
steeper than c b. The longer a pendulum, the longer time 
does its vibration occupy. It requires a pendulum of 
the length of a little over thirty-nine inches (39.13") to 
vibrate once every second. Cold weather, by contracting 
the pendulum, makes it vibrate quicker than in summer, 
and so makes the clock go faster. Various contrivances 
have been resorted to in order to counteract the variation 
of length in pendulums by heat and cold, one of which we 
will describe in the chapter on heat (§ 167). 

The popular idea that a heavy body falls quicker than a 
light one is dispelled by the fact that pendulums vibrate 
equally fast or slow, no matter of what material they are 
constructed. Similar pendulums of lead, glass, iron, or 
wood, or even a hollow ball, vibrate at the same rate. 

94. FrictioiL — Friction is the resistance offered to a body 
by the surface on which it moves. It seems to arise from 
adhesive attraction between the touching substances and 
from the roughness of their surfaces. The rougher the 
surfaces brought in contact, the greater the friction, the 
little cavities and projections fitting into each other and 
necessitating a certain force to raise the projections on one 
surface from the cavities in the other. Substances which 
appear quite smooth to the naked eye, as polished steel, 
nevertheless exhibit inequalities of surface when examined 
under the microscope. 

Friction acts as an obstacle to motion. When we roll 
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a ball, tlie longher the snrfaee on which it is rolled, the 
greater the fiietion and the sooner the ball Btops. Ma- 
chinery, no matter how carefully constructed, Buffera a 
wast« of power through friction, even to the extent of a 
third or a half of the force applied. Hence various expe- 
dients are resorted to for the purpose of diminishing fric- 
tion, such as polishing the rubbing surfaces, and oiling or 
otherwise lubricating them. Using wheels, as on car- 
nages, effects the same end. A heavy load, which the 
most powerful horee could not move if placed on a "stone- 
boat," is readily di-awn along in a wheeled vehicle. Cast- 
ei-s attached to household furniture prevent the friction 
arising from dragging it over carpets. 

The very fact that rapidity of motion is lessened by fric- 
tion is in some cases of the greatest importance to us, 
" But for friction, men walking on the ground or pavement 
would always be as if walking on ice; and our rivers that 
now flow BO calmly would all be rapid torrents. It is fric- 
tion which retains all loose objects on earth in the situa- 
tions in which, for convenience, men choose to place them — 
the furniture of a house, the contents of libraries, museums, 

etc. Friction, therefore, is essential 

to our existence." 

Fig. 131 illustrates a simple method of 
taking advantage of friction. The iveight, P, 
can be lowered gradually, nnd with compni'a- 
tive ease, by wrapping the rope about the cyl- 
inder, A C B; whereas, without the friction 
of the rope, the force of gravity would be be- 
yond the control of the power, Q. In this 
way heavy casts which are otherwise unman- 
ageable are lowered into cellars. — Fig. 132 
shows US at onco the advantages of fiietion, 
and a means of overcoming ita disadvantages. 
Flg.iai. The block of stone, Q, is supported by roll- 
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Fig. 132. 

ers, in order to overcome the friction of its surface on the ground ; and 
by means of the friction between the rope, B, and the axle, O C, the rope 
is prevented from slipping when power for moving the block, Q, is ap- 
plied to the lever, A. 

The friction of the driving-wheels of a locomotive upon the rails pre- 
vents them from slipping. In this case the wheel pushes backward on 
the rail at each successive point of contact. To make this clear, suppose 
a common wheel be deprived of its rim and be made to revolve on the ends 
of its spokes. The end of each spoke gives a backward push as it strikes 
the ground. Now the rim of a wheel makes the same pushes, but they are 
more numerous — they are continuous, being made by all the successive 
points in the rim. Sometimes the rails of a railroad are too smooth, from 
frost or some other cause, and then sand is thrown upon them to enable the 
locomotive to start. The sand serves to prevent the wheels from sliding by 
enabling them to get some hold upon the rails in their backward pushes. 

95. The Real Advantages of Machinery. — If there is, then, 
no saving, but a loss, of power in tools and machinery, 
what, let us inquire, are their advantages ? 

If one man can do alone by the aid of some instrument 
that which would otherwise require the exertion of many 
men, although slow in accomplishing it, yet it is a great 
advantage. Thus, one man with a lever can move a stone 
which it would require perhaps thirty men to move with- 
out it; and though it take him thirty times as long, it 
saves him the trouble of getting a company of men to help 
him. So if a man can raise his goods by a wheel and axle 
to the upper lofb of his store, though he raise them more 
slowly than several men would lift them directly by ropes, 



156 NATURAL PHILOSOPHY. 

it is an advantage to him, since it saves the hiring of a 
number of laborers. It must, however, be remembered 
that what is gained in amount of work is lost in time, and 
what is gained in time by using any machine is lost in the 
amount of work. 

Another advantage is that, in applyin*g the force, inter- 
vals of rest may be secured without any loss. This is 
obvious in the case of the pulley, but still more so in the 
case of the screw. It is friction in both these cases which 
enables the workman to rest. It saves to him all that he 
has gained by opposing any tendency to slip back. The 
same thing is true of the wedge. When this is driven into 
wood, it remains fixed because prevented from returning 
by the friction of the wood against its sides. It is the 
same cause which holds a nail in its place, and opposes any 
eflfbrt to draw it out. In driving the wedge, the workman 
can have as long intervals as he pleases between his blows, 
because friction saves all that is gained. This effect is 
very well exemplified in the capstan. Fig. 115. It requires 
but little exertion of the man who sits there to hold the 
rope, because the few turns of it around the axle prevent 
its slipping easily. 

A third advantage which often attends the use of tools 
and machines is that force may be made to produce motion 
at various distances, in various directions, and in various 
degrees of velocity. Thus, as to distance, a man standing 
on the ground can raise a weight to the top of a house by 
a pulley. A water-wheel may by the connections of ma- 
chinery produce motion at considerable distances from it. 
Then, as to direction, horizontal motion may be converted 
into vertical, rotary into straight, etc. The velocity of 
motion is generally varied by cog-wheels. Thus, a wheel 
of 60 cogs, revolving once in a minute, playing on a wheel 
of 10 cogs, will make it revolve once in 6 seconds. 
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Another adrantage of tools and machines is that they secure a better 
mode of applying power than ive otherwise couid have. Thua, when sev- 
eral men are pnlling on a. rope, much power is tost bv their pulling irregu- 
larly, a difficoltj which is removed by the pnllef. The some can be SAid 
of applying pressure by the eci'ew. One man jflesses more steadily, and 
therefore more eSectnaily, tban fifty men would without the screw. The 
arrangemenia of tool« aod machines are so made as lo provide convenient 
ways of applying our strength. An instrument, for example, for moving n 
weight by hand ia ao shaped an to hold the weight well, and also to alford 
a good handle for the hand to grasp, 'i'he common claw-hammer ia a very 
good illoatration. We grasp the nail by an iron daw ; with 
the handle we can apply not merely the force of the hand, but 
that of the whole arm, and then we have the immense lever 
power of the instrament. We have a good illuEtralion of 
convenience in an instrument in what is called a Lewis, rep- 
resented in rig. 13S. It is used for raising blocks of stone in 
bnilding. It has three parts, A B C. It is used in this way: i 
A hole of the same shape as the JnEtrumcnt is made in the ^<^- ^^■ 
upper pott of the block of stone to be raised ; tlien A and C are inserted, 
and B is poshed in between them. With the ring, D, bolted througli tlie 
instmmeat, the atone is raised to its place by the ordinary machinery. 
The principle of the instrument, yon see, ia that of the wedge. 

96. Man a Tool-making AnimaL — Though tliere is no ac- 
tual saving of powei' in the tools and machines which man 
uses, yet so great are the advantages which he reaps from 
them that, more than two tliousand years ago, a philos- 
opher thought that man could not be better distinguished 
from brutes than by calling him a tool-making animal. 
If the distinction was so striking in the time of Aristotle, 
when tools and machines were so few in number and so 
rudely contrived, and so few of the sources of power were 
appropriated by man to his use, how much more striking is 
it now, with all the variety and perfection of instruments 
and machinery, and with the ever-extending appropriation 
of the sources of power furnished by the elements 1 The 
power which air and water and gravitation supply is ap- 
plied constantly with more and more variety and effect ; 
G2 
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and the appropriation of that mighty source of power, 
steam, is wholly a modern invention. 



QUESTIONS. 

81. What is said of the forces of nature and of machines? Name the 
six simple machines. Why is the tei*m mechanical powers, formerly ap- 
plied to them, erroneous ? Explain the terms power, weight, and fulcrum. 
— 82. How are levera classified ? What is the lever of the first kind ? 
Illustrate its uses. What is said of steelyards and the balance? Give 
other examples of this kind of lever. — 83. Show that there is no gain of 
power in this lever. What is said of the seesaw ? What boast did Ar- 
chimedes make ? — 84. What is a lever of the second kind ? Give examples 
of its use. — 85. What is a lever of the third kind? Give examples. — 86. 
What constitutes a compound lever ? Explain its use in platform scales. 
— 87. Explain the action of the wheel and axle. What is said of the 
windlass ? What of the capstan ? Explain the construction of the fusee 
of a watch. — 88. What is the advantage of the pulley ? Describe the fixed 
pulley and illustrate its uses. Describe a movable pulley. Explain some 
of the arrangements of pulleys. — 89. Illustrate the mechanical advantage 
of the inclined plane. What is said of railways ? — 90. What is a wedge ? 
Give examples of its uses. — 91. Upon what principle does the screw work? 
How is its force estimated? Give an example. — 92. Describe some other 
simple machines. — 93. What is said of the pendulum? Who first made 
use of it for the measurement of time? Explain its operation. — ^94. What 
is meant by friction? What is its effect in machinery? How may it be 
overcome ? Illustrate the uses made of friction. — 95. What is the first 
advantage of the simple machines which is mentioned ? Give the illustra- 
tions. What is the second advantage? Give the illustrations. What is 
the third advantage ? Give examples. How is the velocity of motion in 
machinery usually varied ? What is the fourth advantage ? Mention ex- 
amples. Describe the instrument called a Lewis. — 96. What is said of 
the title by which Aristotle distinguished man from other animals ? 
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CHAPTER X. 

« 

HYDROSTATICS. 

97. What Hydrostatics Teaches. — A single substance 
raay, as we have seen, exist in three forms — solid, liquid, 
and gaseous — and these forms are distinguished one from 
another by the difference in the mobility, ovflovjy of the par- 
ticles composing the substance. In a solid the particles 
are comparatively rigid, the force of cohesion being strong ; 
in a liquid or a gas they are not in such close contact, and 
are freer to move about each other. A body in either the 
liquid or the gaseous state is called vl fluids on account of 
the flow of the particles. A very important branch of Nat- 
ural Philosophy relates to the pressure, motion, and other 
phenomena of fluids, which for convenience is considered 
under three heads, viz. : Hydrostatics^ M'hich treats of the 
pressure of liquids; Hydraulics^ which treats of their mo- 
tion ; and Pneumatics^ which treats of the same phenomena 
in air and gases. 

In order to understand the phenomena of Hydrostatics, 
you must bear in mind that they result from the influence 
of the attraction of the earth upon liquids, and that they 
depend upon the two great characteristics of liquids, their 
mobility and incompressibility (§ 1 7). 

98. Level Surface of Liquids. — Owing to the perfect mo- 
bility of the particles among each other, and their being 
equally attracted towards the centre of the earth, liquids 
at rest assume a level surface. The particles forming the 
surface may be regarded as the tops of so many columns 
of particles supported by a uniform resistance or pressure 
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below ; for no particle below can be at rest unless urged 
equally in all directions, and therefore all the particles, at 
any one level, which, by equally urging one another, keep 
themselves at rest, must be bearing the weight of equal 
columns. Thus, a higher column, however produced, must 
sink and a lower one must rise until just balanced by those 
around ; that is, until all become alike. The particles of 
water may be compared to shot ; if you place shot in a 
box and heap them up in any portion of the surface, on 
shaking the box those that are highest will roll down, and 
a level surface will result. They would do this without 
agitation if they were as free to move among themselves 
as are the particles of water. If a microscope could be 
made strong enough to distinguish the shape of the parti- 
cles of water, the surface might possibly appear like the 
level surface of shot in a vessel. But the particles of water 
are so exceedingly minute that the surface of water, when 
entirely free from agitation, is so smooth as to constitute a 
perfect mirror, often feasting our eyes with another world 
of beauty as we look down into its quiet depths. Strictly 
speaking, the surface of a liquid is not level or horizontal ; 
being parallel to the surface of the earth, it forms a curve, 
but this curved surface is of so great a radius that it cannot 
be perceived unless we take into view a very large surface, 
as the ocean. Here it is very manifest ; for whenever a ship 
sails out of port, the topmost sail is the last thing seen from 
the shore, the rest of the ship being concealed by the water 
rounded up between it and the observer. This is illustrated 
in Fig. 134. 



Fig. 1^4. 
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If the earth had no elevations of land, or if there were water enough to 
coyer them, the water woald make a perfectly globular covering for the 
earth, being held to it by the force of attraction. The reason for this is 
precisely the same as was given in § 81 for the disposition of a drop of 
liqaid to take the globnlar form. As in that case, so in this, it can be de- 
monstrated that each particle is attracted towards a common centre, and 
that this will produce in the freely moving particles a unifonnly rounded 
surface. What could thus be shown to be true if the earth were wholly 
covered with water is true of the portions of water which now fill up the 
depressions in the earth's crust. 

Spirit-Zevel. — ^What is commonly called a perfectly level 
sui-face is, then, one in which every point is equally distant 
from the centre of the earth, and is therefore really a spher- 
ical surface. But the sphere is so large that any very small 
portion of it may be considered, for all practical purposes, 
a perfect plane. A hoop surrounding the earth would bend 
about four inches in every mile. In cutting a canal, there- 
fore, there is a variation in this proportion from a straight 
level line. Since the variation is but an inch in a fourth of 
a mile, it is of no account in taking the level for buildings. 
Levels are ascertained by what is called a spirit-level. This 

consists of a closed glass tube, a 

Fig. 135, nearly filled with alco- CI 
hoi. This liquid is used in pref- Fig.ias. 

erence to water because it never freezes and is more mo- 
bile. The space not filled with alcohol is occupied by air. 
The tube is placed in a wooden box for convenience and 
security, there being an opening in the box at a. Now, 
when the box with its glass tube is perfectly level, the 
bubble of air will be seen in the middle at a; but if one end 
be higher than the other, the bubble will be at or towards 
that end. This simple instrument is used by masons and 
carpenters for the purpose of levelling walls or floors of 
buildings, by engineers in surveying, and by othei^s. 

99. Plow of Elvers. — If a trough be exactly level, the 
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water will be of the same depth at one end as at the other, 
for the surface of the water at both ends will be at the 
same distance from the centre of the earth. But if one end 
be raised, the water will become deeper at the other end. 
If it were not so, the surface at the two ends would not be 
at the same distance from the centre of the earth. Now, 
if water run in at the upper end of an inclined trough 
and out at the lower, we have an illustration of what takes 
place in all rivers — the water is in constant motion. A 
very slight incline gives a flow to water, for the particles 
are so mobile that, in obedience to the force of gravitation, 
they descend the inclined plane to seek a level. Three 
inches per mile in a smooth straight channel gives a veloc- 
ity of about three miles an hour. The Ganges, which gath- 
ers the waters of the lofty Himalaya Mountains, in running 
1800 miles falls only 800 feet; and to fall gradually these 
800 feet in its long course, the water takes nearly a month. 
The gigantic Rio de la Plata has so gentle a descent to the 
ocean that, in Paraguay, 1500 miles from its mouth, large 
ships arrive which have sailed against the current all the 
way by the force of the wind alone. 

100. How some Rivers have been Made. — Changes are con- 
stantly produced in the earth by the disposition of water to seek a level. 
In doing this the water carries solid substances of various kinds from ele- 
vated places into depressed ones, tending to fill up the latter. New chan- 
nels are also sometimes made by the water. The boy who makes a little 
pond with his mud-dam, and lets the water overflow from it into another 
pond on a lower level, as he sees a channel worked by the water between 
the two ponds becoming larger and larger, witnesses a fair representation 
on a small scale of some extensive changes which have, in ages past, taken 
place in some parts of the earth. It is supposed, and with good reason, 
that many rivers had their origin in the way above indicated. For exam- 
ple, where the Danube runs its long course there was once a chain of lakes. 
These becoming connected together by their overflow, the channels cut be- 
tween them by the water continually became larger, until at length there 
was one long, deep, and broad channel, the river ; while the lakes became 
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dry, and constitatcd the fertile valley through which that noble river runs 
to empty into the Black Sea. It is said tliat a similar process is mani- 
festly going on in the Lake of Geneva, the outlet of it becoming continu- 
ally broader, while the washing from the neighboring hills and mountains 
is filling up the lake. Towns that a century ago lay directly upon the bor- 
ders of the lake now have gardens and fields between them and the shore ; 
and Dr. Amott says, '*If the town of Geneva last long enough, its in- 
habitants will have to speak of the river threading the neighboring valley, 
instead of the picturesque lake which now fills it." 

101. Canals. — The management of the locks of a canal is 
in conformity with the disposition of water to seek a level. 
A ground view of one lock and a part of two adjacent locks 
is given in Fig. 136. The lock C has two pairs of flood- 
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Fig. 136. 

gates, D D and E E. The water in A is higher than in C, 
but the level is the same in C and 6, because the gates, 
E E, are open. Suppose there is a boat in the lock B 
that you wish to get into the lock A. It must be floated 
into the lock C, and the gates E E must be closed. The 
water may now be made to flow from the higher level. A, 
into C, till the level is the same in both A and C. But 
this cannot be done by opening the gates D D, for the 
pressure of such a height of water in the lock A would 
make it difficult, perhaps impossible, to do this; and, be- 
sides, if it could be done, the rapid rush of water into C 
would flood the boat lying there. The discharge is there- 
fore effected by openings in the lower part of the gates 
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D D. These openings are covered by sliding shntters, 
which are raised by racks and pinions, as represented in 
Fig. 137. Wlien tlie water has become of the eame level 



pig. isi. 

in A and C, the gates D D can be easily opened, and the 
boat may be floated from C into A. If a boat is to pass 
downward in the locks, the process described mnst be re- 
vei'sed. 

Canats are also extensivelj used for supplying water bj siile openings to 
turn water-wheels fur the workiog of machinerj. The nater tarns the 
nheel by the force which gravitation gives it as it descends from the level 
of the canal to the level of the river. One of the grandest canals in the world 
is that cutting through the letlimus of Suez, constrocied in 1 864-69 under 
the direction of a French engineer, M. De Lesseps. It is about one lian- 
dred miles in length, and connects the waters of the Mediterranean with 
those of the Red Sea. The importance of canals as a means of iransports- 
tion of heavy goods is evident from the tact that a horse which can draw 
bnt one ton on onr best roads can draw thirty with the same spcid in a 
canal-boat. 

102. Other IlluatratlonB. — We see the tendency of liquids 
to rise to the same level in other ways. In a coffee-pot 
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the liquid has the same level in the Bpout as in the vessel 
itself, whatever may be its position, as seen in Fig. 138. 




If it be turned up so far that the level of the fluid in I 
vessel is higher than the outlet of the spont, the fluid runs 
ont. If two reservoirs of water be connected, the water 
will stand at the same height in both, whatever the dis- 
tance between tbem may be. In the aqneduct pipes that 
extend from a reservoir, the water will rise as high as 
the surface of the water in the reservoir itself. If the 
outleis of the pipes be lower than this level, the water 
will run from them, as in the case with the coflee. The 
cause of these and similar facts is the same as that of the 
level surface in vessels and reservoirs — the action of gravi- 
tation. This may be made plain 
by Fig. 139, Let the figure rep- 
resent the section of a vessel 
with divisions of different de- 
grees of thickness, these divi- 
sions, however, not extending 
to the bottom of the vessel. I 
Water in this will stand at the | 
same level In the different com- F1b.is9. 

partraents, just as it would if the vessel had no such divi- 
sions. This is simply because the attraction of the earth 
acts upon the water in the same way with the divisions as 
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without there. And you cau see that it wi!l make no dif- 
ference whether these divisions be thick or thin, or whether 
the apartments be near togetlier or far apart, as in the case 
when branch pipes extend from a reservoir. A branch 
pipe may be considered as having the same relation to the 
reservoir as one of the narrow compartments in the figure 
hiis to the rest of the vessel. 
Tlie result is not at all affected 
by either the size or form of the 
tubes that may be connected 
with a common reservoir: afluid 
will stand at the same height in 
all. Thus we have, in Fig. 140, 
tubes of various size and shape, 
A, B, C, connected by the pipe, 
^■'*'' m n,with a reservoir, D; and if 

water be poured into the latter, it will rise to the same 
height in all, just as in the different compartments of the 
vessel represented in Fig. 139. 

A mnn once thought that he had solred the chimerical problem, per- 
petual motion, by means ofa vessel constructed as in Fig. 141. He rea- 
soned in this way ; If the vessel contain a poond 
of wnter nnd the tube only an ounce, since 
ounce cannot bolanee a pound, the water in 
vessel must be conslanily forcing that in the tube k 
Dpwurtl. It therefore must constantly ruu out of 9 
the outlet of the tube, and as it flows into 1 
vessel the circulation must go on, the only h 
drance to perpetual circulation being the evap- 
oiation of the water. He was confounded when 

he discovered, on pouring water into the vessel, that it stood at precisely 
tlie same level in the vessel and in the tube, lie forgot that a common 
teapot is nearly such a vessel, and jel does not overflow. — A glass tube on 
the outside of a cistern or a boiler, nnd connected with it at the bottom, 
shows at once tlie level of the water within.— Another illastmtion of the 
fact that water is always seeking its level is found in the water-pipes which 
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diBlribule nnter to tlie inbsbitsitU of laige cities : tlie u-ater pumped into 
a reservoir situuted on an cleration rises by tlie aclioii of grtivily mil] its 
perfect mobility to the beiglil of ever^ tistein not abuie llie level of tlie 
reservoii', no maCtac bow much loner inny be tlic ilepicssion ui-osseJ hy tlie 
pipes. — We ai'e not to suppose that it was igiioiunce of tliia law of liquiils 
that led the nncients lo build aqueducts of stone at immettse expense, in 
some cases spanning valleys at great iieights ; but this enormous labor 
nas necessitated by the lack of a suitable materiul sucb as iixin. 

103, Springs and ATteelan 'Wells. — The principlcB devel- 
oped in the previous paragraphs will explain the pheiiom- 
eua of springs, common wells, and Artesian wella. The 
crust of the earth is largely made up of layers of different 
materials, as clay, sand, gravel, limestone, etc. When these 
Tvere formed they were undoubtedly horizontal, but they 
have been thrown up by convulsions of nature in such 
a way that they present every variety of arrangement. 
Since some of these layers are much more pervious to 
water than others, the rain which falls and sinks into the 
groimd oflen makes its way through one layer lying be- 
tween two othera which are impervious to water, and so 
may make its appearance at a great distance from the place 
of its entrance, and at a very different height. How this 
explains the phenomena 
of springs, common 
wells, and Artesian 
wells is made clear ' 
by Fig. 142. A A and 
B E B are designed to 
represent porous layers 
of earth lying between 
other layers which are 
impervious to water. Fig.iis. 

The water in A A will flow out at 0, making what is com- 
monly called a spring. If we dig a well at F, going down 
to the porous layer, B B B, the water will rise to G, be- 
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cause this is on a level with the surface of the ground, H, 
where the supply of water enters. From this point it may- 
be raised by a pump. If the well be dug at D, the water 
will rise not only to the surface, but to E, because this is 
on a level with H. Water is sometimes obtained under 
such circumstances from very great depths. In this case 
the porous stratum containing the water is reached by 
boring, and then we have what is termed an Artesian well. 
The name comes from the province of Artois, in France, 
where this operation was first executed. There is a cele- 
brated well of this sort at Grenelle, a suburb of Paris, 
where the water rises from a depth of nearly 1800 feet 
below the surface, and is fuilher carried to a height of a 
hundred feet above it, furnishing a supply of beautifully 
clear water at the rate of 800,000 gallons a day. 

104. PresBure of Liqaids is in Proportion to Depth. — ^The 
pressure of a fluid is in exact proportion to its depth. For, 
all the particles being under the influence of gravity, the 
upper layer of them must be supported by the second, and 
these two layers together by the third, and every layer 
must bear the weight of all the layers above it. This 
pressure, being occasioned by the weight acting vertically 
downward, is not dependent on the amount of the sur- 
rounding liquid, nor on the shape or size of the containing 
vessel. In a vessel having the shape A, Fig. 143, it is evi- 
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den,t that the pressure of the liquid within upon the bottom 
h depends upon the height of the column ab\ in the ves- 
sel B, which widens at its mouth, the pressure on the bot- 
tom /'is equal to that of the weight of the column e f^ 
for the rest of the liquid exerts pressure upon the sides 
cf^df^ and balances the column e f on all sides round 
about. 

In the case of a vessel tapering at its mouth, C, let us 
suppose the bottom g h divided into a number of portions 
of the same size as the mouth z, and that there are eight of 
these portions. The pressure on the bottom g h \% the 
same as that of eight columns of liquid of the same size as 
^. An inspection of n^ h m n ^ 
Fig. 144 will perhaps 
facilitate comprehen- d 
sion of this law. The 
pressure on the bot- 
tom A? ^ of the vessel ^^«- ^**- 
D is equivalent to the weight on the liquid column mnJcl\ 
the pressure on g i depends upon the height of column 
hm g i^ etc. In the case of a vessel having the form E, 
the bottom op has to bear the weight of the liquid column 
w X op\ this, however, has itself to sustain the pressure 
of the column u v s t exerted upon the liquid at s t, and 
this pressure produces an effect equivalent to that of a 
column w^hose base is o p^ and whose height is o q. It is 
evident from the foregoing that the total pressure of a 
liquid on the bottom or side of a vessel depends on the 
area and the depth. A tube two feet long and a square 
inch in section holds nearly a pound of water ; hence the 
pressure of water at any depth, whether on the bottom of 
a vessel or on its side, is little less than one pou9id on the 
square inch for every two feet of depth — a general truth 
worth remembering. 
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Hhutrations. — ^The increase of pressure at great depths prodaces the 
most striking effects. Thus, if an empty corked bottle be let down very 
deep at sea, either the cork will be driven in or the bottle will be crushed 
before it reaches a depth of ten fathoms. A gentleman tried the follow- 
ing experiment : He made a pine-wood cork, so shaped that it projected 
over the mouth all around. He then covered this with pitch, and fastened 
over the whole several pieces of tarpaulin. The bottle, thus prepared, he 
let down to a great depth by attaching to it a weight. On raising it up 
he found that it contained about half a pint of water strongly impregnated 
with pitch, showing that the pressure of the water forced water through 
the several pieces of tarpaulin, the pitch, and the pores of the wooden cork. 
When a ship founders near land, the pieces of the wreck, as it breaks up, 
float to the shore ; bnt when the accident happens in deep water, the great 
pressure forces water into the pores of the wood, and thus makes it so heavy 
that no part of the vessel can ever rise again to reveal her fate. When a 
man dives very deep, he suffers such from the pressure on his chest. If 
we watch a bubble of air rising in water, it is small at first, but it grows 
larger as it approaches the surface, because it sustains less pressure than 
when deep in the water. The force with w^hich a fluid is discharged from 
an opening in a vessel depends on the height of the fluid above the open- 
ing. The difference in this respect between a full barrel and one nearly 
empty is very obvious. — It is not known whether there is a limit to the 
pressure which fishes can bear with impunity, but they abound chiefly in 
the shallow waters on coasts, or on banks in the midst of the ocean, sucli 
as the banks of Newfoundland, or the bank of LaguUas, off the Cape of 
Good Hope. 

105. Sluice - Gates, Dams, etc. — The application of the 
above principles in the construction of sluice-gates, dams, 
etc., is a matter of great practical importance. Pressure 
in a fluid is always in proportion to the height of the fluid 
above the point of pressure. The pressure upon any por- 
tion of the side of a vessel containing a fluid must be in 
proportion to its distance from the surface ; or, in other 
words, it is the weisfht of a column of water extendini]: 
from this portion to the surface. Let A B C D (Fig. 145) 
represent a section of a cubical vessel — that is, one in which 
each side is of the same size with the bottom. The press* 
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ure on the point a, in the line A B, is ^ 
that of a column of paiticles, A a. But 
A a is equal to c 5, and c ft is equal to 
b a. Therefore ha may represent the 
pressure on a. In the same way, it can 
be shown that e d represents the press- 
ure on J, n m the pressure on m, C B c 
that on B. Therefore the pressure on 
all the points in A B will be represented by lines filling up 
all the triangular space ABC, and this is half of A B C D, 
which represents the pressure on the line C B. It is clear, 
then, that since the pressure on a vertical line in the side is 
half that on a line at right angles to it in the bottom, the 
pressure on the whole side is half that on the whole bottom. 
We see from the above demonstration why a dam is 

built in the form represented in Fig. 146. 
We learn, also, why the hoops and other 
securities at the lower part of the mon- 
strous vats used in breweries (some of 
them holding many thousand barrels) re- 
quire to be made of very great strength. 
It is manifest, also, that if a sluice-gate is to be kept shut 
by a single support, this must be applied at one third of 
the distance from the bottom, there being as much press- 
ure, as shown in Fig. 145, on the lower third as on the up- 
per two thirds of the gate. 

106. Lateral Pressure in Fluids. — ^The pressure of a liquid 
on the side of a vessel, just mentioned, is a lateral pressure, 
and it is caused by the downward pressure of gravitation 
in the liquid. But how ? The particles of a fluid are 
freely movable among each other, and therefore are ready 
to escape from pressure in any direction. The particles at 
ff, Fig. 145, pressed upon by the column of particles ex- 
tending above them to the surface, are ready to escape 




Fig. 146. 
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laterally, and would do so if an opening were made in the 
vessel at that point. But if the vessel contained a block 
of ice, fitting it as accurately as the body of water, there 
would be no escape at the opening, because the particles 
of the solid are so held together that the downward press- 
ure of the earth's attraction occasions no lateral pressure. 

The manner in which the downward pressure of the 
earth's attraction causes lateral pressure may be made 
a clear by Figs. 147 and 148. We will sup- 

pose that the particles of solids and liquids 
are alike round, and that a solid differs from 
a liquid only in having its particles firmly 
united by attraction. Let a, b, and c, in 
Fig. 147, represent three particles of a solid. 
Since they are united firmly, they will have 
a united pressure from the centre of gravity directly tow- 
ards the centre of the earth, as represented by the arrow. 
Let now <?, 6, and /, Fig. 148, represent 
three particles of water. These being but 
very slightly coherent, will make each an 
independent pressure towards the earth's f^ 
centre, as indicated by the arrows. It is 
plain that d tends to separate e and f, and 
will do so if they are left free to move in a 
lateral direction. For example, if e be at the side of a ves- 
sel, and an opening be made there, the downward pressure 

of d will give e sl lateral movement, 
^ forcing it out of the opening. 



Another View. — Eeferring again to Fig. 145, 
^ here repeated, observe that the lateral pressure 
m at any point in the side of a vessel, as a, is oc- 
casioned toholly by the downward pressure of a 
j3 vertical column of particles extending from that 
point to the suiface. The neighboring columns 
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•of particles have nothing to do with it. The same thing is trne in regai'd 
to any other point either in the line A B or another line drawn on the 
side of the vessel. And therefore the pressure upon the whole side is 
occasioned solely hy the columns of particles in close proximity to it, 
and not at all by the other columns of particles in the vessel. Tiie num- 
ber of these columns, therefore, in the vessel — or, in other words, tiio 
breadth of the body of water in it — makes no difference in the pressure 
on its side. For this reason two flood-gates so near together that a few 
hogsheads or even pails of water fill up the space between them sustain as 
much pressure as they would if a lake or an ocean of water lay between 
them. The project of digging a ship-canal between the lied Sea and the 
Mediterranean, now so triumphantly accomplished, was objected to on the 
gi'onnd that the water in the foimer being twenty feet higher than in the 
latter, it would burst through the flood-gates with such force as to produce 
most disastrous results. But according to the principle just illustrated, 
there is no more danger of this than there would be if two ponds were 
united by a canal, in one of which the water is twenty feet higher than in 
the other. 

107. Pressure in Liquids Equal in all Directions. — We are 
now prepared to go a step farther. The pressure occasioned 
by gravitation in fluids operates equally in all directions 
when the fluid is at rest. That is, any particle of a liquid 
is pressed equally in all directions. If it were not so, it 
would not remain at rest, but would be moved in the di- 
rection in which the superior pressure oper- 
ates. Suppose that a, Fig. 150, is a stratum 
of particles in a vessel containing water 
at rest. The upward pressure on it being 
equal to the downward pressure, the stra- ^^* 

turn neither rises nor falls. If a body of liquid be disturbed 
by wind or any other cause, those particles which are raised 
above the common level in waves are pressed downward 
more than upward or laterally, in obedience to the action 
of gravitation. They therefore move downward, pushing 
laterally and upward the neighboring particles, until the 
liquid regains its level surface and its state of rest. In like 

H 
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manner, if any paiticlee are heated they become lighter 
than their neighboring particles; and the latter, being more 
strongly attracted than the former, push them upward in 
order to take their places. When all the liquid acquires 
the same temperature, it is at rest, each particle having ao 
equal pressure upon it in all directions. 

//;iu(ra(ioB».— If B bladder filled wiih mater be compressed by the hand, 
the waler is pressed no more immediutelj under the hand than in an/ 
otiier part of the bhulder, and wherever an opening be made the wnier mill 
rush out with equal readiness. A hose-pips as readily 
bursts apward as in aQj other direction. A large cork, 
sunk in very deep water, will be uniformly reduced in 
its dimensions, showing that it has been pressed equally 
on all sides. In the experiments with the closed bot- 
tles ($ 104), the result is the same if the bottle be suDk 
with its mouth downward. If two tubes, shaped aa in 
Fig. 151, be thrnst down into water, the water will rise 
_ with equal facility in both, allhoagh in the straight one 

^E- IBI. ,[,g pressure which carries up the water is wholly up- 

ward, while in the bent one it is at first downward. 

108. Upward Presaare aa the Depth. — It has been showu 
that the downward and the lateral pressure are in propor- 
tion to the depth. The same is true of the upward pressure, 
and owing to the same cause — the attraction of the earth. 
Let us examine this case. Why is any particle of a fluid 
pressed upward at all ? It is owing to the struggle on the 
part of the neighboriug particles to get below it. And 
why this struggle? It results from the 
attraction of gravitation, and the greater 
this attraction the greater the npwaivl 
pressure. The upward pressure there- 
fore, as well as the downward pressure, 
differs at different depths. Thus, in Fig. 
152, the npw.ivd pressure against the layer 
or stratum of panicles, b, is greater than 



that agalast a, for the same reason that the downward 
pressure on b is greater than that on a. But the two 
pvesaures at^ are' equal, and so are they at a, and there- 
fore each stratum remains at rest. 

Meperimenta. — Some very neat experiments sliow that 
the upward pressure varies with the d^th. Take a lai'ge 
glass tube, A B C D, Fig. 153, fitted at one 
end with a circuiar plate of brass, which may 
be held there by a string, F. Thus ari-anged, 
plunge it quite deep into water, and yon will 
find it unnecessary to hold on to the string, for 
the brass disk will be held tight tu the tube 
by the upward pressure of the water. Now 
draw up the tube slowly, and at length the 
disk will fall from the end of the tube. Why? 
Because the end of the tube has come to a rig.ios. 
point where the upward pressure of the water is less than 
tiie downward pressure of the disk. To succeed with this 
experiment, the end of the tube where the disk is applied 
must be very even and smooth. 

Another experiment maj be tried in this nay : He to one end of a glaBs 
tube a piece of thin India-rubber or of a bladder, and fill the tabe partly 
with water. The Inditt-mbber will of coarse bulge oat or became convex 
from the weight of the water, tress the closed end down a little way in a 
vessel of water, eo that the level in the tnbe shall be above the level in the 
vessel. The India-rubber is etill Bomewliat coorex, for the upward pre9s- 
are, being in proportion to its distance from Che surface of the wnter oalside 
of the tnbe, is not so great as the dawnwaril pressure of the higher nnter 
within the tube. Lower the tnbe so that (he level in the tube is the same 
with that in the vesaeL The India-rubber then becomes Rat, because the 
downward and npnard pressures Dpon it are equal, just as would be the 
case with n stratum of water in the same place. But press ihc lube lower 
down, and the Iniiia-rubber bulges upward into the tube, because Che up- 
ward pressure is then greiiler than ibe downward. 

109. Illustrations of Liquid Pressure. — You are now pre- 
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pared to understand the explanation of some very striking 
phenomena in the pressure of liquids. If you take a per- 
fectly tight cask filled with water, and screw uito its top a 
long tube, you can burst the cask by pouring water into 
the tube. To understand this you must bear in mind two 
iacts — that the fluid in the cask is not compressible, and 
that its particles move freely among each other. 
Any pressure, therefore, exerted upon it is felt 
through the whole of it equally. " If the tube," 
says Dr. Arnott, " have an area of a fortieth of 
an inch, and contain when filled half a pound 
of water, that water would produce a pressure 
of half a pound upon every fortieth of an inch 
all over the interior of the cask, or of nearly 
2000 pounds on every square foot — a pressure 
greater than any ordinary cask can bear." Sup- 
pose a small reservoir of water exists in the side 
of a mountain wholly closed up, and that water 
from a height above finds its way to it by a 
crevice, it may by its pressure even burst open 
Fig. 154. ^\^Q gi^e Qf th0 mountain. And it matters not 

how large or small the crevice may be, for pressure in a 
liquid is only as the height. If the reservoir be ten yards 
square and an inch deep, and the fissure leading to it be 
but an inch in diameter and two hundred feet in height, 
it is calculated that the pressure of the water in the fissure 
would be equal in force to the weight of 5000 tons. 

The manner in which these effects are produced may be 
made clear by Fig. 155. Let A be a close vessel filled with 
water, and let a tube, b, be made fast in it, with a movable 
plug or piston at c. If the surface of the water be pressed 
upon by this piston with the force of a pound, the water 
being incompressible and its particles freely movable among 
each other, the pressure will be extended equally through 
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all the water, and every 
portion of the vessel A 
ot" equal surface with c 
will bear a pressure to 
the extent of one pound. 
If another tube, d^ of the 
same size were inserted 
with a piston, e, the force ^ 
of a pound applied to the 
piston c would push upward the piston i with the same 
force. And if there were several pistons of the same size, 
by pushing upon one with the force of a pound they would 
all be pressed upward with exactly this force. Further, if 
6 be a tube five times as large as 6, its piston, n, will be 
forced upward with a pressure of five pounds by the 
downward pressure of a pound upon c. Suppose, now, 
that a pound of. water were substituted for the piston c, 
the other pistons would be pressed upward as before. 
And if all the pistons be removed, the pound of water iu 
b will press the water up the tube d with the force of a 
pound, and up the tube e with the force of five pounds. 

To make this still clearer, we will present it in a little different form. 
Let B, Fig. 156, be a close vessel with two tubes, one of which is five 

times as large as the other. If sufficient water 
be poured into the vessel to occupy a part of 
the tubes, it will stand at the same height in 
both tubes, as indicated. If there be a pound 
of water, then, in the tube c, there will be five 
pounds in a. Now, if the five pounds of water 
in a pressed any heavier on the whole body of 
water in B than the pound of water in c, it 
would force the water in c to a greater height. 
But this is impossible, as has been shown in 
§ 102. Observe that the pressure of five pounds in a is spread over five 
times the area or extent of surface as the pressure of one pound in c. If 
the tube c have an area of an inch square, the water in it will exert a 
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pressure of a pound on every square inch in the yessel. Tlie water in a 
exerts a pressure of five pounds ; hut it must he rememhered that it does 
not press with this force on every square inch, hut on each space of five 
square inches, and that therefore its pressure on each inch is the same as 
that in the tube c. 

110. Hydrostatic Paradox. — It is evident from the phe- 
nomena and explanations given above that a small quantity 
of a fluid can, under certain circumstances, exert an enor- 
mous pressure. This fact has been called the Hydrostatic 
Paradox. It does seem, at first view, incredible or para- 
doxical when one asserts that a few ounces of water can 
be made to raise weischts of hundreds or even thousands of 
pounds. But the explanations given show you that there 
is no unexplainable mystery in the fact. The cause of it 
is the same as that which gives a level surface to liquids ; 
viz., the force of gravitation acting upon a substance whose 
particles are freely movable among each other. In fact, 
there is nothing more paradoxical in it than that one pound 
at the long end of a lever should balance Xvn pounds at the 
short end, an explanation of which is given in the chapter 
on the Simple Machines. 

Hydrostatic Bellows. — The instrument called the Hydro- 
static Bellows is represented in Fig. 157. It consists of 

J two circular boards, A and B, united to<reth- 
er by strong leather, and having a tube, C, 
through which water can be poured into it. 
The weight which can be sustained on the 
bellows without forcing the water out of the 
tube depends on the size of the bellows. If 
the area of the tube be only one thousandth 
of that of the top of the bellows, a pound of 
water in the tube will balance a thousand 
pounds' weight on the bellows. It is for the 
Fig. 167. game reason that one pound of water in the 
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tabe c balances live pounds in a (see Fig. 156). As the 
weight pi-esses upon the top as a whole, it is just as if a 
vessel of the same size with the bellows were resting upon 
it and containing a thonsand pounds of water. The water, 
in that case, would stand at the same height in the vessel 
and in the tube. This shows that the Hydrostatic Paradox 
is only one illustration of the great fact that a liquid, under 
the influence of gravitation, seeks its level. 

When the weight on the bellows is less than ia required 

to balance the water in the tube, the weight can he raised 

continually by pouring water into the tube. But observe 

that although the lifting force be so strong, it ia very slow 

in its operation. If the comparative areas of the tube and 

the bellows be as above sup- 

' ■ fall in 

raising 

dredth 

oatatla 
•M have 
tram ah 
Press. 
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This consists of a small metallic forcing-pump, Fig. 168, in 
which the water in the reservoir ^ ^ is pumped up by the 
piston, «, worked by a lever not shown in the cut, and 
forced into a strong and large cylinder, c c. In this cylin- 
der is a stout piston, P, having a flat head, n n, above. 
Between this plate and another, e, is placed the body to 
be compressed. It is obvious that the pressure exerted 
will be in proportion to the difference between the size of 
the pump and the cylinder, c c, just as in the case of the 
bellows it depended on the difference between the areas 
of the tube and of the top of the bellows. " If the pump 
have only the one thousandth the area of the large cylinder, 
and if a man by means of its lever-handle press its piston 
down with a force of one hundred pounds, the piston of 
the great cylinder will rise with the force of one hundred 
thousand pounds. Scarcely any resistance could with- 
stand the power of such a press ; with it the hand of a 
child might break a strong iron bar." The hydraulic press 
is of great service in the mechanic arts; it is used in press- 
ing paper, cotton, hay, and other bulky yielding substances, 
to raise great weights, to test the strength of cables, to 
launch vessels, to force the oil out of seeds, and for many 
other purposes. 



QUESTIONS. 

97. What constitutes the essential difference between the different forms 
of matter ? Give the classification of that branch of Physics relating to 
fluids. — 98. Why do liquids at rest assume a level surface? Give the com- 
parison. Is the surface of a liquid strictly hoiizontal ? Illustrate this. 
Describe the spirit-level and its uses. — 99. What is said of the flow of 
rivers? — Illustrate by reference to the Ganges and other rivers. — 100. How 
have some rivers been made ? What is stated about the river Danube ? 
What of Lake Geneva? — 101. Describe the arrangement of canal locks. 
Why are canals so useful ? — 102. Illustrate the tendency of liquids to rise 
to the same level by reference to a coffee-pot. Describe a foolish man's 
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plan for perpetual motion, and give the reason of its failare. Wiiat is said 
of ancient and modern aqueducts ? — 103. Explain the operation of springs 
and Artesian wells. Whence comes the name Artesian ? What is stated 
of a well in Paris? — 104. Why is the pressure of a liquid in proportion to 
its depth? Give the illustrations of this. — 105. Explain the application of 
these principles to the construction of dams. What is said about the con- 
struction of. dams and brewers' vats ? — 106. Explain the lateral pressure 
of liquids. Show the difference between a liquid and a solid in this re- 
spect. Show how the earth's attraction causes the lateral pressure. Give 
another view. What is said of the proposed ship-canal between the Medi- 
terranean and the Ked Sea? — 107. Show that pressure in liquids is equal 
in all directions. Give the illustrations. — 108. Show that the upward 
pressure in a liquid is as the depth, and that this is produced by gravita- 
tion. Describe the experiment represented in Fig. 152. Give the experi- 
ment with the tube and India-rubber. — 109. State the examples given of 
great effects produced by small quantities of a fluid. Explain these effects 
by reference to the diagram. Explain Fig. 156. — 110. What is the Hy- 
drostatic Paradox, and why is it so called? Describe and explain the 
Hydrostatic Bellows. — 111. Describe and explain Bramah's Hydrostatic 
Press. Mention some of its uses. 



CHAPTER XI. 

SPECIFIC GRAVITY. 



112. Nature of the Subject — We now reach a very inter- 
esting subject, intimately connected with Hydrostatics, and 
the principles which have been developed in relation to liq- 
uids are to be here applied to various kinds of substances. 
As we proceed you will see that all the phenomena brought 
to view in this chapter are to be referred to the same cause 
as those of the previous chapter — viz., the attraction of 
gravitation. 

Before proceeding with the study, we will define Specific 
Gravity. The specific gravity of any substance is its weight 

H2 
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as compared with that of an equal volume of another sub- 
stance taken as a standard. For solids and liquids distilled 
water is the standard of comparison, and its specific gravity- 
is for convenience called 1. Mercury, for example, is thir- 
teen and a half times as heavy as an^equal volume of water, 
and is said to have a specific gravity of 13.5, For gases air 
is usually taken as the standard, though hydrogen gas is 
sometimes so employed. 

We shall postpone explaining the methods of determin- 
ing the specific gravities of bodies until we have more fully 
detailed the principles involved. (See § 116.) 

113. Action of Gravity on Solids in a Liquid. — ^The reason 
that a very heavy substance — a stone, for example — sinks in 
water is simply because the earth attracts it more strongly 
than it does the water, and drags the stone down through 
it. If the stone lay upon a bladder filled with water, it 
would press upon it with the force with which it is attract- 
ed by the earth. But where water is not thus confined, the 
stone thrusts its particles to the one side and the other till 
it gets to the bottom. 

It is the attraction of gravity, also, that makes light sub- 
stances, as wood and cork, rise in water. In this case the 
water is attracted by the earth more strongly than the 
wood or cork, and so gets below it, and in so doing pushes 
up the lighter substance. 

But you will observe that the wood, on rising in the wa- 
ter, does not come completely out of it and lie upon the 

surface, but a part of it remains im- 
meraed in the water. The explanation 
of this will furnish you with the key to 
many very interesting facts. Suppose 
that half a block of wood. A, Fig. 169, 
weighing a pound, is above the surface 
of water. As it is attracted to the 
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earth with the force of a pound, it has pushed to the one 
side and the other just a pound of water, and taken its 
place. It is drawn down towards the earth with the same 
force as the pound of water on either side of it, h or c. 
If it were attracted more strongly — that is, if it weighed 
more than a pound — it would displace more than a pound 
of water. If it had just the same weight as the same vol- 
ume of water, it would displace a volume of water equal 
to its own bulk ; it would be wholly immersed, and would 
stay in the water wherever you placed it, because it is at- 
tracted by the earth with the same force as an equal bulk 
of water. 

Imagine water in a vessel divided into equal portions of 
a pound each, as represented in Fig. 160. Now, suppose that 
the portion a should at once change into 
solid ice without at all altering its bulk or 
weight. It would not move from its posi- 
tion, because it is attracted by the earth 
with precisely the same force as when it 
was water, and as strongly as each of the 
equal portions of water around it. But 
since water on becoming ice does really increase in bulk 
and therefore become lighter, this block of ice would rise 
so that a part of it would be above the surface. 

The lighter a substance immersed in water, the more 
of it will there be above the surface. Consider the case 
of two blocks of wood having different weights, though 
of the same size. Suppose the heavier one. A, Fig. 161, is 

one third lighter than the same bulk 
of water. One third of it will be 
above the surface. If the other, B, 
be half the weight of water, half of it 
will be above the surface. We would 
Kg.iei. gj^y^ t\\Qr\y that the specific gravity of 



a 



Fig. ICO. 
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the wood ii> the first block is two thirds that of water, and 
the specific gravity of the wood in the second is one half 
that of water. 

Illustrations. — ^There are many interesting facts illustrating the princi- 
ples here developed. A stone is lifted mnch more easily in water than in 
air because of the support afforded by the upward pressure of the water. 
A hoy often wonders why he can lift a very heavy stone to the surface, but 
can raise it no farther. When a bucket of water is drawn up a well, much 
less exertion is required to raise it through the water than through the air 
after it emerges from the water. While it is in the water you raise only 
the bucket itself ; the water in it exerts no pressure on the rope, being sus- 
tained by the water around it. But when it reaches the air, you have to 
raise the weight of the water added to that of the bucket. When a person 
lies in a bath for some time, on raising his arm from the water it seems to 
be very heavy. This is because the arm has had for so long a time the 
support of the water that when it is lifted into the air the want of this sup- 
port is sensibly felt. It is said that Archimedes conceived of the princi- 
ples of specific gravity as his limbs felt the liquid support of a bath, and so 
overjoyed was he with the discovery that he ran home, crying out all the 
way, **Eypijifa! evpriKal" — I have found it! I have found it! It was a 
rational joy, for he had found a principle of immense value to science and 
to the world. 

Boats and Life-boats. — A boat of iron will float as high out of water 
as one of wood of the same size, provided the iron be made so thin that 
the boat is not heavier than the wooden one. For what is it that floats ? 
Not the iron or wood, but a wooden or iron boat filled with air. If it were 
filled with water instead of air, it would sink, the specific gravity of the 
materials of which it is built being, on the whole, of greater specific gravity 
than water. Life-boats have in their structure either a large quantity of 
cork or air-tight vessels of tin or copper, and consequently are so light 
that they will float even when filled with water. 

114. Specific Gravity of Animals. — ^Birds have a mach 
less specific gravity than animals that walk, in order that 
they may rise easily in the air. Their light feathers in- 
crease greatly their bulk, as you may see whenever a bird 
is stripped of them. Besides this, the bones are hollow and 
communicate with the lungs. Birds that swim, as ducks, 
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swans, etc., have so small a specific gravity — that is, are so 
large in proportion to their weight — that but a small part 
of the body is under water, and the motion of their feet is 
not required to sustain them, but serves, like oars, to pro- 
pel them along. Insects are of small specific gravity, 
those that fly the most swiftly being the lightest. Fishes 
have very nearly the same specific gravity as water, and 
hence require but little muscular effort to move about in 
their element. They are assisted much in rising and fall- 
ing by a contrivance by which they can instantaneously 
alter their specific gravity. They have an air-bladder, 
which they can dilate or contract at pleasure. When 
dilated, the bulk of the fish is increased and his specific 
gravity lessened, and he rises easily and at once. By com- 
pressing it he as readily sinks. 

The human body, when the chest is filled with air, is so 
much lighter than water that it will float with about half 
the head above the surface. A knowledge of this fact, with 
proper presence of mind, might ordinarily save persons 
from drowning; for if the body be put in the proper posi- 
tion, tlie feet downward and the head thrown backward, 
the nose and mouth will be out of the water. So little is 
required in the way of support to keep the whole head out 
of water, that persons who cannot swim are often saved 
from drowning by grasping very small pieces of wood. 
An oar would support half a dozen men if they would be 
satisfied with keeping only the head out of water ; but if 
each ope struggle to get his whole body upon the oar, they 
may all be lost. 

115. Avoidable Causes of Drowning. — ^The reasons that 
in water-accidents so many people are drowned who might 
easily be saved are thus summarized by Dr. Arnott : 

• 1st. They believe that the body is heavier than water; and, therefore, 
that unless continued exertion be made, they must sink. Hence, instead 
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of lying quietly and a little on the back, with the face only oat of the wa- 
ter, they generally assume the position of a swimmer, in which the face is 
downward, and the whole head has to be kept out of the water to allow 
of breathing. To do this requires practice ; and if a person cannot swim, 
the first attempt at floating in this position will prove a disastrous failure. 

2d. The body raised for a moment by any exeition above the floating 
level sinks as far below that when the exertion ceases, and the plunge terri- 
fies the unpractised and renders them easier victims to their fate. 

3d. They make a wasteful exertion of strength to prevent water enter- 
ing the ears, not thinking that it can only fill the outer ear, as far as the 
drum, and that this is of no consequence. 

4th. They generally attempt, in their struggle, to keep their hands free 
above the surface, forgetting that any part of the body held out of the wa- 
ter in addition to the face (which must be out) requires an additional efiTort 
to support it. The tendency of the body to sink diminishes just in propor- 
tion to the quantity immersed ; because all those parts which are out of 
water, not being supported by the water, become so much additional abso- 
lute weight to the portion immersed. This is, indeed, one of the most fre- 
quent causes of death by drowning. 

5th. If the accident occur at sea, they cannot, like the practised swim- 
mer, choose the proper inter>'al for breathing, which is when the crest of a 
wave has passed over, and the head is for an instant above water. 

6th. The chest should be kept as full of air as possible, which without 
other effort will cause nearly the whole head to remain above water. If the 
chest be once emptied while the face is under water, and the person cannot 
inhale again, the body remains specifically heavier than water, and will sink. 

A life-preserver is a great aid in preservation from 
drowning, for it diminishes the specific gravity of the body. 
It is commonly an air-tight bag fastened round the upper 
part of the body, which can be filled when required by 
blowing into it thrpugh a tube fitted with a valve. "On 
the great rivers of China," says Dr. Amott, " where thou- 
sands of people find it more convenient to live in covered 
boats upon the water than in houses on the shore, the 
younger male children have a hollow ball of some light 
matenal attached constantly to their necks, so that in their 
frequent falls overboard they are not in danger." 
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In wading a river the feet press upon the bottom with a 
force equal to half the weight of the person's head, this be- 
ing the difference between the weight of the body and the 
weight of the same bulk of water. !Now, this pressure is 
not sufficient to give a sure footing against even a moderate 
current. Many persons have been drowned from ignorance 
of this fact. A man carrying a load may often ford a river 
safely where without a load to press him down, and thus give 
him a sure footing, he would be carried down the stream. 

116. How to Detennine the Specific Gravity of Solids. — 
From the principles explained in the preceding pages it is 
evident that, owing to the upward pressure of water, a body 
weighs less in water than in air ; hence we determine its 
specific gravity by comparing its weight in water with its 
weight in air — water, you remember, being the standard. 

In determining the specific gravity of solid bodies, sev- 
eral cases may arise: the solid may be (I.) heavier than wa- 
ter and insoluble in it, (11.) heavier than water and soluble 
in it, (III.) lighter than water and insoluble in it, and (IV.) 
lighter than water and soluble in it. For examples of the 
first case we have gold, lead, and the other heavy metals, 
also rocks and minerals of various kinds ; as an example of 
the second case we have sugar, salt, saltpetre, and many 
other substances ; cork, the varieties of wood, and the bod- 
ies of animals are examples 
of the third case ; the fourth 
case is very rare. 

(I.) We will consider the 
simplest first, and take for an 
example a piece of lead. Sus- 
pend the lead by means of a 
hair from one of the pans of a 
balance, as shown in Fig. 162, 
and weigh it carefully. Then 




Fiff. 162. 



188 NATURAL PHILOSOPHY. 

introduce the lead into a cup of water, and you will find 
that a portion of the weight must be removed from the 
opposite pan to preserve the equilibrium. The weight 
which you take from the pan will be the weight of a 
quantity of water equal in bulk to the piece of lead, for 
the immersed body is supported with a force equal to the 
weight of the water it displaces (§ 113). Thus if a piece 
of lead weighing eleven grammes weigh only ten grammes 
in water, it will prove that lead is eleven times as heavy 
as water. And if a lump of copper weigh nine grammes 
in air and eight in water, it is nine times as heavy as wa- 
ter. Calling, therefore, water =1, the specific gravity of 
lead is 1 1 and of copper 9. It is obvious that a body of 
the same specific gravity with water would weigh nothing 
when immersed in water, for it would be supported with 
an upward pressure precisely equal to its own weight, just 
as the same bulk of water is. A hundred grammes of wa- 
ter, therefore, will weigh nothing in water. The experiment 
can easily be tried. Weigh an empty glass bottle, sus- 
pended from one arm of the scale-beam, and then put a 
hundred grammes of water in it. On immersing it in wa- 
ter it will be balanced. 

Archimedes and the Crown. — ^Hiero, King of Syracuse,* 
stipulated for a crown of pure gold. But suspecting the 
maker of it had adulterated the gold, he called upon Archi- 
medes to detect the imposture. He did it in this way: 
he procured two lumps of gold and silver of the same 
weight with the crown, and observed the quantity of water 
which each displaced. He then tried the crown, and found 
that it displaced less than the silver and more than the 
gold, and therefore concluded that it was an alloy of the 
two metals. All this was suggested to him by his experi- 
ence in the bath, referred to in § 113. 

* HieroIL, died 216 B.C. 



SPECIFIC GEAVITT. 189 

117. Mor« about Determliiliig Speolfio Gravity.— Tlie pi-oceas 
explained in § 116 is called the method by direct weighing. We may con- 
dense the instructionB into the following rule : To find ilie specific gravity 
of a solid heavier than vrater and insoluble in it, weigh it in the air, and 
sgnin in water; then divide the fint weight by the difference between the 
first and the second weighL Suppose we i-epresent the weight of the 
solid by the letter W, its veight in watei' by Z, and the worda specific 
gravity by the abbreviation sp. gr., then we may write the role in the fol- 

Sp.gr.= ^^3^ 

Observs that W~ Z gives us the weight of the water displaced. An exam- 
ination of the following proportion will show how the above equation is 
obtained; 



IxW W 
Whence, ^p. gv.=^^y— ^^W^ 

ExampU. A piece of lead weighs in the air 8. 19 grammes. 
" " in water 7-47 
Difference (or W-Z), .7a " 



.72: 1 :: 8.19: ap. gr, 
_ e.l9> 

.72 



'.37, sp. gr. of lead. 



(I, A.) Another way of ascertaining the specific gravity 
of a body heavier than water and 
insoluble in it is known as the meth- 
od by the flask; it is particularly 
applicable to fragments of minerals 
or substances in powder. For this 
method small bottles of peculiar con- 
struction are used; they are pro- i 
vided with a stopper ground to fit 

the neck of the bottle well, and | 

pierced by a small hole running ver- V'R- '«'- 
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tically through it. When the flask is filled with water 
aud the stopper inserted, that portion in the neck escapes 
through the stopper, permitting the flask to be completely 
filled with precisely the same weight of liquid each time it 
is used. 

Suppose yoa want to ascertain the specific gravity of a certain kind of 
sand : weigh a portion first in the air ; then weigh the flask filled with 
water ; next introduce the sand into the flask, and allow it to force oat 
the water (equal in bulk to the solid) ; insert the stopper carefully, wipe 
the flask dry, and weigh it again. The specific gravity may then be cal^ 
culated firom the following equation : 

Let weight of sand =W 

" of flask and water =W' 
Let weight of flask, water, and 
sand =W" 



Then, 

W 

Sp. gr. = 



(W + W')-VV 



(II.) To determine the specific gravity of a substance soluble in water, 
a known weight of it is weighed in oil or some liquid which does not dis- 
solve it, and the specific gravity of the oil having been determined by some 
one of the methods explained in § 118, the specific gravity of the substance 
is calculated by means of the following formula: 

If the weight of the substance in air=W 
and " " " inoil=W' 

Sp. gr. of the oil = A 

Sp. gr. of water being = I 

then W- W'=W"=the liquid displaced ; 
and A:1=W":W"' 

W 



Whence sp. gr. of substance = 



W 



nt 



(III.) To determine the specific gravity of a body lighter than water 
and insoluble in it, weigh it first in the air, then attach to it a piece of lead 
sufliciently heavy to sink it, and weigh the two together in water ; lastly, 
weigh the lead alone in water, then calculate from this formula: 

Weight of cork in air = W 



" lead in water =W' 

Weight of lead and cork in 
water =W" 



Then, 

Sp. gr. 



W"-W'+W 
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(TV.) TI1& fourth case, that of substances lighter than water and soluble 
in it, is of comparatively i-are occurrence ; examples are found, however, 
in the case of the alkaline metals, sodium, potassium, etc. Weigh the body 
in the air, then in some liquid of low specific gravity in which the body is 
not soluble — naphtha, for example — and calculate as below : 

Weight of body in air = W 

*' " naphtha=W' 

W-W'=W" 

Sp. gr. of naphtha = A 

*' water =1 • 

A: W"::l: W" 

W 
Sp.gr. = 



W 



/// 



Before proceeding to the deteimination of the specific gravity of liquids, 
we will give one more formula which enables us to find the weight of each 
of two substances when combined in one mass. Some such formula must 
have been used by Archimedes in ascertaining the proportion by weight of 
the gold and silver forming the alloy of which Hiero*s crown was made 

(§ 116). 

Sp. gr. of the alloy =Sp. gr. 

Weight ** alloy =W 
Sp. gr. of one constituent =s' 

Sp. gr. of second " =8" 

Weight of one '* =w' 

Weight of second ** =w" 

Then, 

^.,^ (Sp.gr .~s^0 8^ 
(s'— s") sp. gr. 
And ^//-.-^^^^/^ 

To insure accuracy, all determinations of specific gravity should be made 
at one and the same standard temperature. This fixed temperature is 4° C. 
— ^that at which water has its greatest density. 

118. Deteimination of the Specific Gravity of Liquids. — 
Several methods may be employed for ascertaining the 

* For proofs of this formula see " Galloway's First Step in Chemistiy," 
p. 74. 
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specific gravities of different liquids. We will describe 
three of them: L By the flask; II. By weighing a sub- 
stance in it ; III. By the hydrometer. 

I. The method by the flask is exceedingly simple. Hav- 
ing selected a specific-gravity flask, determine its weight, 
fill it with water, and weigh again. Then empty it, dry it 
carefully, and, filling it with the liquid of which the specific 
gravity is desired, weigh again. 

Let weight of flask =F 

" " " andwater=W 

" " " " liquid=W' 

W'-F 



Then, Sp. gr. of liquid 



W-F 



II. Take a body of known specific gravity, and insoluble 
in the liquid to be examined ; weigh the body iu air, and 
then in the liquid ; if 

Weight of body =W 

" in liquid= W 

Sp.gr. of body =A 

W: (W-WO::A : Sp. gr. 

_ _ (W-WQA 
Or, bp. gr. = y^ 

III. The most expeditious method of ascertaining the 
specific gravity of liquids is by means of an instrument 
called a hydrometer. This instrument consists of a glass 
tube widened into a large and a small bulb at one end, the 
smaller bulb containing a few shot or a little mercury to 
cause the centre of gravity of the instrument to fall in the 
lower part; the narrow portion of the tube, called the 
stem, is furnished with a scale for reading the depth to 
which the instrument sinks when plunged in any liquid. 
The lighter the liquid to be tested, the deeper will the 
hydrometer sink in it. The manner of using a hydrometer 
is obvious : it is simply floated in the liquid to be tested. 
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and the figui-e on the scale at the point where it 
touches the upper suiface of the liquid is accurate- 
ly noted. The graduation of the hydrometer varies 
for each liquid ; or, if the scale indicates specific 
gi-avity, and not arbitrary degrees, the relation 
between specific gravity and the strength of the 
liquid examined is ascertained by reference to ta- 
bles printed for the purpose. Hydrometers receive 
different names according to the liquids for which 
they are constrncted : that for testing alcohol is 
called an alcoholometer/ for solutions of sugar, sac- 
charomeler; for milk, a lactometer. 

Both in Europe and America the lactometer is 
used to test the quality of milk. In large cities 
the adulteration of milk with water has become so 
common a fraud that the police (in some instances) 
are authorized to collect samples of suspected milk 
for examination with the lactometer. In New York 
City the Board of Health has recommended a cer- 
tain lactometer as a standard. Besides the forms 
of hydrometer mentioned, there are many othera; 
as, for example, the ealimeler (for salt solutions), 
the vinometer (for wines), the acidometer (for acids), etc. 
In determining the specific gravity of liquids, attention 
must he paid to the temperature at which the observa- 
tion is made, for bodies increase in volume with a rise 
of tenipei'ature, and this increase is not uniform for alt 
substances. 

119. Tables of Speeiflo Gravity. — Use is made of a knowl- 
edge of the specific gravity of certain substances to identify 
them; especially ia this the case with precious stones and 
minerals. We give below two tables — one of the specific 
gravity of solids, and the other of liquids. Observe that 
the specific gravity of living men being O.Sfl, or lighter 
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than water, they should float if the precautions mentioned 
in § 114 were properly taken. 

TABLBS OF 8PBCIFIC OBAYITT. 

Solids. 



Cork 0.24 

Oak-wood 0.84 

Living men 0.89 

Starch 1.50 

Alum 1.70 

Charcoal 1.85 

Roll sulphur 2.00 

Saltpetre 2.10 

Quartz 2.C5 

Marble. 2.83 

Glass (flint) 3.33 

Diamond 3.52 

Iron pyrites 5. 00 

Tin 7.29 

Iron (malleable) 7. 84 

Copper (cast) 8. 78 

Silver (fused) 10.50 

Lead 1L34 

Gold. 19.50 

Platinum 21.50 



Liquids. 

Gasoline 0.66 

"B."Naphtlia. 0.72 

Ether 0.72 

Kerosene oil 0.80 

Alcohol (absolute). . . 0.80 

Oil of turpentine .... 0. 86 

Ammonia (solution) . 0. 87 

Olive-oil 0.92 

Distilled water 1. 00 

Sea water 1.02 

Milk (cow) 1.03 

Human blood 1.06 

Water of Dead Sea. . 1.16 

Glycerin 1.27 

Chloroform 1. 49 

Nitric acid 1.51 

Sulphuric acid 1.84 

Bromine 2.98 

Thallium ethylate. . . 3.55 

Mercury 13.59 



Specific Gravity of Gases. — ^The specifio gravity of gases 
is determined by a process much like that for liquids, men- 
tioned in § 118. Air (sometimes hydrogen) is assumed 
as the standard. A large glass globe filled with air is 
weighed, then exhausted by an air-pump, and weighed 
again, the access of air being prevented by a stop -cock. 
The difference between the weights gives the weight. A, 
of a certain volume of air; the globe is then filled with 
the gas under examination, and weighed a third time ; by 
subtracting the weight of the empty globe the weight, 

B 

B, of the gas is obtained. And ■— , or the weight of the 

A 

gas divided by the weight of an equal volume of air, 
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gives the specific gravity of the gas. Corrections must 
of course be made for temperature. 



QUESTIONS. 

112. Explain what is meant by specific gravity. What are the stand- 
ards of comparison for the three forms of matter? — 113. Explain the sink- 
ing of heavy substances in water. Explain diagrams Figs. 159 and 1 60. 
Give the illustrations : lifting a stone ; raising a bucket ; raising the arm in 
a bath. Belate the anecdote of Archimedes. What is said of iron boats ? 
— 114. What is said of the specific gravity of birds? Of insects? Of 
fishes? What of the specific gravity of the human body? — 115. State the 
principal avoidable causes of drowning. What is nan*ated about children 
in China? Why is wading in deep rivers sometimes dangerous? — 116. 
What four cases may arise in deteimining the specific gravity of sub- 
stances ? Explain the manner in which the specific gravity of a solid is 
obtained. Describe the experiment of weighing water. What is stated 
of Archimedes and the crown? — 117. Give a condensed rule for finding 
the specific gravity of a body heavier than water. Illustrate by an ex- 
ample. Give what is known as the method by the flask. How is the spe- 
cific gravity of a substance soluble in water determined ? How that of 
a body lighter than water and insoluble in it ? How that of substances 
lighter than water and soluble in it? How can you find the weight of 
two metals in an alloy? At what temperature should accurate determi- 
nations be made? — 118. Describe the first method for determining the 
specific gravity of a liquid. The second method. What is a hydrom- 
eter? How is it used? Name some of the varieties of hydrometers. For 
what is the lactometer used ? — 119. What is said of tables of specific grav- 
ity ? Give a few examples from the table of solids. Give examples from 
the table of liquids. What is said of the process for determining the spe- 
cific gravity of gases ? 
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CHAPTER XIL 

RYDBAULICa 



120. Bydraollcs. — Hydraulics teaches about liquids in 
motion, whether issniDg from vessels or moving in cliati- 
nels, of the employment of water as a source of work -power, 
and of machines uged for raising water to a height. If aa 
opening be made in the bottom or side of a tank filled with 
water, the liquid will flow through the orifice in obedience 
to gravitation, the particles of liquid near the orifice being 
pushed out by the pressure of those around and above them. 
Let uf" examine more carefully some of the phenomena 
conaectcd with this flow of liquids through an openin: 
Let AjFig. Ifl6,represent a ve 
Bel of water having three open- 
ings, B, C, and D, C being equi 
distant from B and D. Sup- 
pose B and D are closed and 
water flows from C; it is plain 
that the rapidity with which 
it, issues must depend npon 
the pressnre, and consequently 
■ upon the height of the liquid 
^'^■"'^ above the opening; and since 

this level continually falls, the pressure of the liquid and 
the velocity of the flow diminish also. If the level be not 
maintained by replenishing a vessel, it takes twice as long 
to empty it as it otherwise would do. 
Agfun, suppose the orifice B is one foot below the enr- 
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face of the water, and that tho pi-essuie there causes a cer- 
tain quantity, say a litre, to flow out in one minute; if we 
want the water to issue twice as fast, say two litres a min- 
ute, we must make the pressure four limes as great; or, 
what is the same thing, another opening, C, of the same 
size must he made four feet below the level of the water. 
For the discharge of three litres a minute the pressure must 
be nine times as great; for a flow of four litres a minute 
tlie force must be sixteen times as great, and so foith, in 
tl)e pi-oportion of squaws. The reason for this is that to 
move double the numbur of water particles would i-equire 
double the force, if they moved with only the same veloc- 
ity; but because twice as many have to press through the 
same-sized opening iu the same time, each must move with 
double speed, and hence the force must again be doubled ; 
but two doublings are equivalent to a fourfold increase. 

Wlien a liquid descends fi-om an opening in the side of a 
vessel, it follows the path of a projectile (§ 67). In Fig. 
165 the water is represented as spouting farthest horizon- 
tally from the orifice C, in accordance with the law that a 
stream will spout to the greatest distance from an opening 
half-way between tho surface and the bottom of the liquid. 
If B and D are equidistant from C, the water issuing from 
them will strike the ground at the same distance from the 
foot of the vessel, A, 

The amount of the water dis- 
charged depends upon the size 
of the oriflce and the velocity 
of the stream. For any given 
time the rule for finding the 
quantity discharged is as fol- 
lows: Multiply the ai-ca of the 
orifice by tho velocity per sec- 
ond, and this product by the 
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number of seconds. The shape of the aperture through 
which the water flows has also a marked influence on the 
volume discharged. A funnel-shaped tube having a circu- 
lar section, Fig. 166, discharges more liquid in a given time 
than an opening of any other shape. 

121. "Water-Clocks. — The ancients took advantage of this regular 
flow of water through openings to measure time before the inyention of 
clocks and watches. The water-clocks, or clepsydra, as they were called, 
were analogous in principle to the common sand-glass. Ctesibus, a cele- 
brated Greek philosopher of Alexandria, about 250 B.C., contriyed a most 
ingenious fonn of this instrument. Water flowed as tears from the eyes 
of a statuette which seemed to be deploring the passage of time ; the tears 
gradually filled a reservoir, and raised a floating figure which pointed to 
the hours marked on a scale. This reservoir emptied itself by means of a 
siphon arranged, as in the cup of Tantalus (§ 143), once every twenty- 
four hours, and the discharge of the water worked mechanism which indi- 
cated the day and the month. 

122. Flow of Liquids througli Tubes. — The flow of liquids 
through long tubes and pipes is considerably affected by 
friction. An inch tube 200 feet long, connected horizontal- 
ly with a reservoir, will discharge water only one quarter 
as fast as an inch orifice in the side of the reservoir. 
Sudden turns in a pipe should be avoided, because they oc- 
casion so much friction against the sides of the pipe and 
among the particles of water by disturbing the regularity 
of the current. In the entrance of the arteries into the 
brain, in order to prevent the blood from flowing too rap- 
idly into this organ, there are sudden turns in the arteries 
to retard the blood ; and in grazing animals, since there is 
special danger that the blood will flow too freely to the 
brain as the head is held down in eating, there is a special 
provision to prevent this in a net-work of arteries. If the 
arteries of the brain in such animals were straight tubes, 
they would continually be dying of congestion of the brain 
or of apoplexy. 




199 

Friction of liquids in a small pipe is greater in proportion 
to its size than in a large pipe. In a pipe an inch in diam- 
etei' water moves only one fifth as fast as in a tube two 
inches in diameter. This may be made clear by Fig, 16V, 
which represents the area of a email 
tube inside of the area of a tube hav- 
ing twice its diameter. Suppose the 
effect of the friction in the large tube j 
to extend in to a. In the small one ' 
it will extend in as far — that is, to b. 
But e a is about five times as long as 
e h, BO that there is fully five times riE-i«'- 

more water uninfluenced by friction in tlie large tube tiian 
in the smaller one. 

Frielion in Streami. — The retarding effect of friction isTeiy obvioas in 
brooks and rivers. The water in the middle of a stiernn mns mucli mora 
rapidly than it doea near its banks. When a river is very ehBllow at its sides, 
tlie water there scarcely moves, though in the middle Ihe naler may lie 
ranning nt a rapid rale. A tide, thei'efore. Sowing up a river, moves moi'e 
freely near its bnniis than it does in the middle of ihe stream, becnnse it 
there meets with less resistance from (he downward current. Water mores 
less rapidly at the bottom of a river than nt the aurlace. For this reason, 
if a stick be so loaded at one end as to stand upright in water, in the cnr- 
rent of a river its nppcr end will be carried 
^ along taster than its lower end, and therefore 
it will incline forward, as in Fig. IG8. As the 
sen rolls in over a bench, ench wave nt length 
ponrs over its crest nnd breaks, becanse the 
lower part of the wave is retarded by friction 
on the heacb. Were it not for the constant 
retardation of friction nt the sides nnd bollom 
*^' '^ of rivers, and at ihar bends, those rivers which 

have their rise at a considerable height above the level of the sea would ac- 
quire an immense velocity. Thus the Rhone, drawing its waters from 1000 
feet above the level of the ocean, woald pour them forth with the velocity 
of water which tiad (alien perpendicntarty the same height— that is, at the 
rate of 170 miles «a bonr — did not friction continually diminish the velocity. 
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123. "Waves. — Waves are generally formed by the fric- 
tion of air upon water. As soon as any portion of water is 
raised above the general sarface, it tends by gravity to fall 
to a level with the water around it, and in so doing the 
portion next to it is forced upward, forming another wave ; 
thus one wave produces another, each one being smaller 
than the preceding, till at length the motion is wholly lost. 
This is always the process when the cause of the motion is 
a single impulse, as when a stone is dropped into the wa- 
ter. But when the waves are produced by a succession of 
impulses, as by the wind, they are mostly of the same size. 
It is quite a common notion that the water moves forward 
as rapidly as the waves appear to do ; but the water really 
remains nearly stationary, rising and falling, while merely 
the form of the wave advances. The same wave is made 
up continually of a succession of different portions of water, 
or rather it is a succession of different waves. This is very 
well illustrated by the waving of a rope or carpet. In an 
open sea a wave slopes regularly on either side ; but when 
it comes near the shore, for the reason given in § 122, it 
grows more and more nearly perpendicular on the side tow- 
ard the shore, till at length it falls over ; and if it be very 
large, the roar thus caused by its breaking is heard to a 
great distance. 

Height of Waves, — **So awful," says Dr. Aiiiott, "is the spectacle of 
a storm at sea that it is generally viewed through a medium which biases 
the judgment ; and, lofty as wares really are, imagination pictures them 
loftier still. Few waves rise more than fifteen feet above the ordinary sea- 
level, which, with the fifteen feet that its surface afterwards descends below 
this, gives thirty feet for the whole height from the bottom of any water- 
valley to an adjoining summit. This proposition is easily verified by ob- 
serving at what height on a ship's mast the horizon remains always in sight 
over the top of the near waves at the time when she reaches the bottom 
of the hollow between two waves. Allowance must of course be made for 
accidental inclinations of the vessel, and for her sinking in the water to 
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much below her wRter-line. The spraj of the sen, driven along by the 
violence of the wind, is of course much higher than the summit of the 
liquid wave ; and a wave coming against an obstacle may dash to an eleva- 
tion much greater still. At the Eddystone Light-house, reared on a soli- 
tary rock ten miles from the land, a wave which has been growing from far 
across the Atlantic often dashes above the lantern at the summit, which is 
about ninety feet high." 

124. The Tides. — ^The rise and fall of tbc water of the 
ocean, called tide, result from the attraction of the moon. 
The moon actually lifls the water towards itself. The 
attraction of the sun sometimes increases and sometimes 
diminishes the tides, according to its position in relation 
to the moon and the earth. If the land were as movable 
as the water, or, in other words, if its particles were held 
together by no stronger attraction than those of water, 
there would be the same motion over the surface of the 
earth, when in its revolution successive portions of it pre- 
sent themselves towards the moon. 

When the flood-tide returning from the sea meets the out- 
ward current of a river flowing into a gradually narrow- 
ing arm of the sea, the immensely poweiful mass of the 
ocean moves inland, like an almost vertical wall, with irre- 
sistible force. Such a heaping-up of the waters where the 
two currents meet is called the hore. This phenomenon is 
seen to a remarkable degree in the branches of the Ganges; 
its roaring is heard long before its arrival, and all small 
vessels seek positions of safety on shore, while even large 
ships are occasionally damaged by its resistless sweep. 
At Calcutta the water sometimes rises Ave feet instanta- 
i^eously, and the huge wave rolls on at the rate of fifteen 
miles an hour. The effects of a strong tide are also seen 
in certain places where the configuration of the coast com- 
pels the incoming water to rise to great heights. In the 
Bay of Fundy the returaing tide advances with such ra- 
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Fig. 169. 



pidity that a person on horseback who incautiously ven- 
tures too near can scarce escape being overwhelmed. 

125. Relation of Bulk to the Resistance of Liquids and 
Oases. — ^You have already seen, in § 64, that the greater 
the surface of a body in proportion to its weight, the 
greater the resistance of the air to its motion. This truth, 
which applies to liquids as well as to gaseous substances, 
explains the fact that small bodies meet with proportion- 
ately more resistance than large ones. 
Tlie body B, Fig. 169, is made up of eight 
B cubes of the size of the cube a, that is, it 
lius eight times the quantity of matter. 
Now, if B were moving through air or 
water, any one of its sides pushing the 
water before it would meet with only four times as much 
resistance as a would, for its surface is only four times as 
large, although the body is eight times as large as a. And 
the greater the difference of size, the greater is the differ- 
ence of resistance. If B were a cube twenty-seven times 
as large as a, it would meet with only nine times as much 
resistance. This explains why shells and cannon-balls can 
be thrown much farther than bullets and small shot. The 
sportsman does not throw away his shot by foolishly aim- 
ing at birds at great distances, and yet shells and large 
cannon-balls can be thrown a distance of several miles. 
The difference is not in the degree of velocity which the 
powder produces, but in the resistance of the air. For 
the same reason rain falls with greater rapidity than driz- 
zling mist. 



Since liquids and aeriform substances resist solids in motion in propor- 
tion to the amount of surface which the solids present to them, when 
they strike against solids they cause motion in them in proportion to the 
amount of surface acted upon. Thus a violent wind which' could not 
move a lump of tin could, nevertheless, raise a sheet of it, or tear up a 
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roofing of it if permitted to get beneath. Clouds of sand are raised into 
the air in the deserts of Africa, although the particles are of the same ma- 
terial as stones, and therefore have the same specific gravity. For tiie 
same reason dust, feathers, the down and pollen of flowers, etc., are blown 
about, although they are heavier than the air. A pebble is moved more 
easily by a current of water than a stone, because it has a larger suiface, 
in proportion to its weight, to be acted upon by the >^titer. For the same 
reason sand is moved more easily than pebbles, and fine mud than sand, 
though stones, pebbles, sand, and mud may all be of the same material. 
This explains why you find mud where the current is slow, sand where it 
is faster, pebbles and stones where it is still faster, and where the current 
is exceedingly rapid you will find nothing but large rocks — sand, pebbles, 
and stones not being able to resist its force. For the same reason, in 
the process of winnowing, the chaff is carried away by the wind; while the 
grain, presenting less surface in proportion to its weight to be acted upon 
by the air, falls to the floor. 

Influence of Shape on Resistance of Liquids to Solids, — 
The resistance of air or water to a flat surface is greater 
than to a convex one, because the latter readily turns the 
particles aside. Thus, a concave surface is resisted much 
more than a flat one, because the particles of the air or 
tvater cannot so easily escape sideways. Fishes are of 
a spindle-like and slender shape, that they may offer as 
little resistance as possible to the water. It is for this 
reason that a fish has no neck, otherwise the upper por- 
tion of its body would, from the resistance of the water 
striking against it, prove a serious impediment to rapid- 
ity of motion. Mankind has in some measure imitated 
the shape of fishes in their boats and ships. Boats which 
are intended to bear light burdens and go swiftly are made 
very long and narrow. The webbed feet of water-fowls, 
when they are moved forward, are folded up so as to 
meet with as little resistance as possible; but when they 
are moved backward they are spread out so as to press 
against the water a broad concave surface. For the same 
reason the wings of a bird are made convex upward 
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and concave downward; and when it moves its wing np« 
ward it cats the air somewhat edgewise, but in moving 
it downward it presses directly with the whole concave 
surface. 

126. Maohinea for Raising Water. — A great variety of 
contrivances for raising water from a lower to a higher 
level have been devised, some of which are based on a 
simple application of one or more of the six simple ma- 
chines described in Chapter VI. Such are the well-sweep, 
acting on the principle of the lever, and the rope and 
bucket suspended from a wheel and axle. An old system 
of raising water is by means of a succession of backets 
attached to an endless rope passing over two wheels, so 
that the buckets fill as they are carried over the lower 
wheel and discharge as they pass over the top wheel. 
The chain pump^ used in many parts of this country, is 
somewhat similar; but the buckets are replaced by flat 
disks of metal, which are drawn up through a long tube 
or barrel, like loose-fitting pistons, and raise an abundant 
stream of water. The celebrated philosopher Archimedes 
invented a simple machine, known as Archimedes^s screw^ 
by means of which water may be readily raised to a mod- 
erate elevation. It consists of a tube open at both ends, 
wound spirally around an inclined cylinder as represented 

in Fig. 170. The low- 
er end of the tube dips 
below the water; on 
revolving the cylinder 
the open end scoops up 
water, and when it has 
turned half-way around, the point D is lower than the end 

C, and, in obedience to gravitation, the water descends to 

D. On continuing to revolve the screw, the water rises to 
the top, B, as if drawn up an inclined plane. Archimedean 




Fig. ITO. 
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screws are still used in HoIlaDd for draiuins;, and are geu- 
ei'ally driven by windmilU. 

The various kinds of pumps used for raising water, being 
dependent upon the principles of pneumatics, will be de- 
scribed in the chapter treating of that topic. 

127, 'Water-wheels. — Water flowing in sti-eams having 
coneiderable descent nlforda motive power of fli-st irapor- 
taoce. It can be made to perform work through the 
agency of water-wheels. Tliese wheels are of three princi- 
pal kinds— the Undershot wheel, the Overshot wheel, and 
the Turbine. The undershot wheel consists of a. wheel re- 
volving on an axle, and having a number of Jloat-boarda 
attached to its cii'Cuniference, Fig. 171. These float-boards 



dip into the water, which, by its momentum, drives the 
wheel around, the velocity depending upon the height of 
the fall of water. In overshot wheels the float-boards are 
shut in by flat sides, so as to form buckets round the wheel 
into which the water is allowed to fall at the top of the 
wheel, Fig. 172. In this wheel the water acts almost solely 
by its weight ; as the wheel revolves, the backets, filled at 
the top, descend, and dischai^e the water, so th.it by the 
12 
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time they begin to 
rise on the opposite 
side they are empty. 
When the water ia 
received half-way up 
the wheel, or higher, 
the arrangement ia 
called a Breast 
Wheel 

The Tarbine pre- 
sents a very differ- 
ent appearance : it 
consists of a hori- 
Eontal wheel divided 
into compartments 
^' '~ by curved lines, as 

shown in that porUon of the cat (Fig. ITs) without the 
heavy circle. Within this ia 
fitted a fixed cylinder, also 
divided into compartments 
Bimilar to those in the wheel, 
but running in the opposite 
direction. Water, from a 
height, enters a tube con- 
nected with this cylinder, 
and, following the course 
given by the curved lines, 
Btrikea against the partitions 
of the wheel, causing it to ^^' '"■ 

revolve about a vertical axis. Owing to the pressure of 
the water within the tube, and to its striking the parti- 
tions nearly at right angles, turbines turn to account a 
larger proportion of the motive power (four fifths) than 
any other wheel. 



HTDB All Lies. 

Soniewliat eimilar in 
principle is the so-c:iIled 
Barker's Mill; it consists 
of a vertical cylinder ar- 
ranged in a frame in sucli 
a way lliat it can i-evolve 
upon the point upon which 
it rests. Water running 
into the cylinder escapes 
by two arms having holes 
on the alternate sides; by 
this arrangement the re- 
action upon the issuing 
water makes the cylinder ^'' 

revolve rapidly, causing the ends of the 
as represented in the figure (Fig. 174). 



QUESTIONS. 
120. Of wbat does Hydraulics teach? Describe some of tha phenom- 
ena connected with the flow of liquids thi-ough an opening. What is the 
path of a liquid issuing fi'om a Interal opening? Upon what depends the 
amount of water discharged ?— 121, What is said of water-clocks?— 122. 
How does fiiction affect the flow of liquids through long lubes? What 
is said of tlie efTecl of friction in brooks anit rivers ? In what part of » 
stream does the water more most rapidl}' ? Explain the formation and 
breaking of (he crest of waves rolling over a bench. What is said of the 
Telocity of rivers as affected by friction?— 123. EKplain the formalion of ■ 
ivaves. What is it that really advances in the forward movement of a 
wave? Give the comparison mentioned. What is said of the height of 
waves?— 124. What causes tides? Whatisabore? Mention some places 
where its effects are noteworthy. — 125. lilustraie the relation of bulk to 
the motion of solids produced by moving gases and liquids. Whnt is Eaid 
of the opposition of gravitation to water and air in moving solids? Wiiat 
difference does the presence of obstacles make in the reUiion of force to 
velocity ? What is said of the relation of shape to velocity ? What is said 
of the shape of flahea? What is said of the shape of boats? Whnt of 
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the management of the webbed feet of water-fowls ? What of the wings 
of birds ? — 126. What is said of machines for raising water ? Describe 
Archimedes's screw. — 1 27. Name the principal kinds of water - wheels. 
Describe the undershot wheel, and explain its action. Also the other 
forms. The turbine. Describe Barker's Mill. 



CHAPTER XIII. 

PNEUMATICS. 

128. What PnemnaticB Teaches. — Hydrostatics, as yon 
have learned in the preceding chapters, treats of the press- 
ure and equilibrium of liquids, and Hydraulics of the laws 
governing their motion. Pneumatics is that branch of phys- 
ics which treats of the same phenomena in air and other 
aeriform bodies. The name is derived from a Greek word 
signifying breath or aeV, just as the term hydrostatics comes 
from the Greek for loater. In explaining the laws of" liquid 
level," " equal pressure in all directions," and of " pressure 
varying with the depth," we have studied the phenomena 
with reference only to water as the most convenient liquid; 
but these laws hold good with all other liquids. In like 
manner, the laws which we are about to teach concerning 
common air are equally applicable in the case of all other 
gases under similar circumstances. 

Air Material and has Weight, — That air is a ipaterial 
substance has been shown in § 12, where its impenetrabil- 
ity was demonstrated. It is much less dense than water 
by reason of a greater separation and repulsion of its par- 
ticles; but analogous phenomena are observed with both 
these fluids. 

For example, if you fill an India-rubber bag with water 
and tie its mouth, you cannot flatten it by pressure ; and 
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if you blow into it until it is distended and again fasten 
its mouth, it remains bulky, forming what is known as an 
air-cushion. Life-preservers and foot-balls are examples of 
such air-cushions. 

Then, again, the resistance offered by air to motion, as in 
fanning, the power possessed by currents of air to move 
light as well as heavy objects, and the flight of birds in 
the air, all prove the material nature of air. That air 
has weight can be proved by 
weighing it as you would any 
other substance. Let a hol- 
low globe. A, Fig. 1^5, having 
a neck with a stop-cock, B, be 
emptied of air and weighed. 
When yon open the stop-cock, 
and let in the air, the other 
beam of the scale will rise, be- j,j ^^^ 

cause the s^lobe is heavier than 

it was before. The additional weight required to make the 
scales balance will indicate the weight of the air which the 
globe contains. It is about one eight-hundredth (yj^) of 
the weight of the same volume of water. How the globe 
can be emptied of the air will be shown in another part of 
this chapter (see § 134). 

129. Air Attracted by the Earth. — ^The weight of the air 
is simply the result of the attraction of the earth (§ 27). 
Air is attracted by the earth in the same manner as water ; 
and the water takes its place below air because it is attract- 
ed more strongly than the air. If you put into a bottle 
mercury, water, and oil, the mercury will lie at the bottom, 
because it is more strongly attracted by the earth than 
the other fluids. The water will be next, then the oil, 
and lastly, over all, the air, that being less attracted than 
any of the other substances. This attraction of the nir by 
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the earth is the origin of the chief phenomena of Pneu- 
matics. 

Why Some Thing* Fall and Others Rise in Air. — ^Most substances fall 
in air for the same reason that veiy heavy substances sink in water. They 
fall because the earth attracts them more strongly than it does the air. 
The reason that some substances rise in air is precisely the same as that 
given in § 113 for the rising of substances in water. The air, being attract- 
ed more strongly, pushes them up to get below them, as cork or wood is 
pushed up by water. Thus a balloon filled with hydrogen gas rises in air 
for the same reason that a bladder filled with air rises in water. 

130. Thicknesa of the Eaith's Air- Covering. — The air 
makes a covering for the earth about fifty miles deep. If 
the earth were represented by a globe a foot in diameter,- 
the air might be represented by a covering a tenth of an 
inch in thickness. The line a, Fig. 176, shows the curve of 





Fig. 17«. 

the surface of such a globe, and the space between a and 
b represents the comparative thickness of the covering of 
air. This is ascertained by calculation from the press- 
ure of the air upon the earth in the same manner as the 
depth of water is calculated from the pressure which it 
exerts. 

The earth flies on in its yearly journey aronnd the snn at the rate of 1100 
miles per minute, and yet it holds on to this loose airy robe by its attrac- 
tive force, so that not a particle of it escapes into the surrounding ether. 
Of itself it is disposed to escape ; and it would do so, and be diffused 
through space, if the attraction of the earth for it were suspended. 

131. Compressibility of Air. — In considering the influence 
of gravitation upon air, it must be remembered that air is 
very compressible, while water is very nearly incompressi- 
ble (§ 1 7). While, therefore, in a body of water the particles 
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arc very little nearer together at the bottom than at the 
surface, the particles of the air are much nearer together at 
the surface of the earth than at a distance from it. All 
the particles of the air being attracted or drawn towards 
the earth, those below are pressed together by the weight of 
those above. The air therefore becomes more rarefied as we 
leave the surface of the earth, and in the outer regions of the 
sea of air it is too rare to support life. Even at the tops of 
very high mountains, or the heights sometimes reached by 
balloons, disagreeable effects are oflen experienced from the 
rarity of the air. The air has been compared, in regard to 
its varying density at different heights, to a heap of some 
loose compressible substance ; as, for example, cotton-wool, 
which is quite light at the top, but is pressed more and 
more compactly as you go towards the bottoin. Hydro- 
gen gas is only one fifteenth as heavy as air at the sur- 
face of the earth ; and therefore the hydrogen balloon rises 
till it reaches a height where the air is so rare that the 
balloon is of the same weight with an equal bulk of air, 
and there it stops. 

132. Similarity of Aeriform Substances and Liquids. — 
You have learned in § 17 in what the air and gases differ 
from liquids. But in one very important respect they are 
alike — viz., the mobility of their particles. Hence pressure 
in air, as well as in water, is equal in all directions, so 
that in the experiment with the bladder, in § 107, it makes 
no difference in the result whether it be filled with water 
or air. For the same reason, pressure is in proportion to 
the depth in aeriform substances as well as in liquids, and 
the laws of specific gravity apply to the one as well as to 
the other. 

You are now prepared to understand the results of the 
action of gravitaUon upon air and the gases ; or, in other 
words, the principal phenomenon of Pneumatics. 
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133. FreBBure of the Atmosphere. — ^The amount of the 
pressure of the atmosphere is very readily estimated, by a 
process which we will explain in another part of this chap- 
ter. It has been ascertained that the atmosphere presses 
with a weight of fifteen pounds on every square inch. 
When you extend your outspread hand horizontally in the 
air, you feel no pressure upon it, notwithstanding it sustains 
a pressure of some two or three hundred pounds. If your 
hand be five inches long and three broad, it presents a sur- 
face of fifteen square inches, on every one of which the at- 
mosphere is pressing with the weight of fifteen pounds ; 
that is, there is a pressure on the upper surface of your hand 
of a column of air weighing 225 pounds, and on the lid of a 
box only thirty inches square there is a pressure of 13,500 
pounds. The whole pressure on the body of a man of com- 
mon size, is about fifteen tons. But why is it that the lid 
of the. box is not broken in, your hand not borne down, and 
your body not crushed ? It is simply from the fact, slwwn 
in the previous chapter in regard to liquids, and in this 
one as to aeriform substances, that the pressure is equal in 
all directions. The lid and the outspread hand are there- 
fore balanced by an upward pressure equal to the down- 
ward, and the body sustains an equal pressure on all sides. 
If the air could be removed from within the box, the lid 
would be crushed in ; if from under the hand, that would 
be borne down ; and if from one side of the body, the body 
would be forced violentlv in that direction till it met with 
an opposing pressure. 

But besides this equal pressure of the air on all sides, air 
exists within the pores and interstices of all bodies that 
are not very dense, and its particles are subject to the same 
laws as are those on the outside. 

All this can be made clear to you by experiments with 
the air-pump. 
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134. Alr-ptu&p. — Fig. K7 represents an aii-piimp as com- 
monl]' arrange<3. AjBiare two pump-baiTels, the pistons 
in which are worked by means of the handles, G and M. 
These pnmps are very nicely made, aud tlie frame-work to 
which they are attached is very strong and firm, so that the 
pnmps may work evenly. J is a bell-shaped glass vessel, 
called a receiver, closed at the top, but open at the bottom, 
the edge of which is ground very true, so that it may fit 
exactly on the large, smooth metallic plate. In the mid- 
dle of the plate is an opening which leads to the pump- 
barrels, and it is through this that the air is pumped out 
of the glass receiver, J. If we wish to let the air in after 
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we bave pumped 
it out, we loosen 
the screw at K, for 
there is a passage 
from this opening 
to that in the mid- 
dle of the plate. 

Tba operation of ihe 
air-pump can be made 
clear by reference to 
Fig.178. But one pump. 
baiTel, a, is represented, 
with a piBlon, c, work- 
Fig. US. ■"« ''" ''■ InH-aP"- 
ton there is a valve, 
i, opening upward, and also one at b, at the end of the tube leading to 
the centre of the piale on which is the receiver, d. The working of Ihe 
instrnment is as foliows: If the piston, c, be forced down, the air under 
it, being compressed, wiil close the valve at b, and will rush upward through 
the valve i in the piston. I«t the piston now be raised ; the resistance of 
the air above it will close the valve i, while the vnlve b will be opened bj 
the air rushing from the recover, d, through the passage, e, to fill the space 
between the piston and b. Yon see, then, that every time the piston is 
drawn up air passes oat of the receiver through the valve b into the space 
between this valve and the piston. None of this air which has passed out 
can return ; for the moineut joa press upon it by forcing dowuwaiil the pis- 
ton, the valve b closes and the air escapes through the valve i. ICach time, 
therefore, thnt jou work the piston up and down, jou pump some of the 
air out of the receiver ; and after some time exceedingly little air will be 
left in it, and thai, of course, »ill be diSitsed throughout the receiver. It 
will be rarefied like that in the upper regions of the atmosphere. With the 
dooble-harrelled air-pump, shown in Fig, 177, the operation is umilar hut 
more rapid, because when one piston is raised the other is lowered, and the 
action is continuous. L is a gauge to indicate the complel«Dess of the ex- 
bauslioD, which acts on tlie principle of the barometer. 

135. Bxpetimentd.— When the receiver J (Fig. 1J7) is full 
of sir, it can be moved about on the plate easily, and can be 
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lifted from it. But if you work the pumps a few strokes, 
the receiver will be firmly fastened to the plate, since 
the air within, being rarefied, presses with little force com- 
pared with the air outside. If the pumps be worked for 
some time, it will be very difficult to release the receiver 
from the pressure without breaking it. But turn the screw, 
K, admitting the air, and the equality of the pressure within 
and without is at once restored. Remove this large re- 
ceiver, and place a small glass jar, open at both ends, on 
the plate, with the hand covering the upper opening, as 
represented in Fig. 179. On exhausting the air, the hand 
is so firmly pressed into the 
glass that it requires consid- 
erable force to disengage it 
from the pressure. If we tie 
a piece of bladder or India- 
rubber over this jar, as in Fig. 
180, and then pump out the 
air, the bladder is at first pressed in ; and if we continue 

to pump, it at length bursts inward with a 
loud report. It would make no difference in 
the result of the experiment if the jar were 
shaped as in Fig. 181, for the pressure is the 
same in all directions. The resemblance be- 
tween air and liquids in this respect may be 
Fig. isi. illustrated thus : Suppose that a flat fish rests 
against the tube of a pump so as to cover the end with one of 
his sides. He feels no uncomfortable pressure, because the 
water in the pump and that below it press equally upon him. 
If, however, the pressure of the water in the pump be sud- 
denly removed by the piston, the fish would be pressed up- 
ward into the tube, just as the bladder is pressed upward 
in Fig. 181, or downward in Fig. 180. The so-called "Mag- 
deburg Hemispheres," Fig. 182, illustrate very strikingly 
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the pressure of the atmosphere. 

wm«^ They consist of two hollow half- 

J ^fi globes of metal whose edges fit 

^^^^ w J ^^^*y Accurately upon each other. 

^^^^^ j4^ ^^^ ^^^ being exhausted through 

the stem and a handle screwed 
on, great force must be exerted to 
pull the hemispheres apart. The 
force required depends upon the 
extent of their surface. In the 
famous experiment at Magdeburg, 
in 1664, by Otto von Guericke, 
Fig. 182. ^ijg inventor of the air-pump, two 

strong hemispheres of brass three feet in diameter were 
employed; and when he exhausted them on the occasion 
of a public exhibition, it is said that twenty coach-horses 
of the emperor were unable to pull them asunder ! 

In the so-called "Mercury Shower," we have another 
example of the immense pressure of the atmosphere. Fiir. 
183 represents a receiver with an opening at the top. 
mented in this opening is a wooden cup, a, ter- 
minating in a cylindrical piece, b. If mercury 
be poured into the cup and the air within the 
receiver be exhausted, the mercury will be forced 
through the pores of the wood by the external 
air, and will fall in a silver shower. A tall jar, c, 

. Piff 183 

is placed there to receive it, to prevent any of it 

from entering the opening in the metallic plate. 



The bo3^'s sacker illnstrates the pressure of the air. It is 
simply a circular piece of leather with a string fastened to its 
centre, as shown in Fig. 184. When the leather is moistened 
and pressed upon a smooth stone, it adheres by its edges to the 
stone, just as the receiver adheres to the plate of the air-pump 
when the air is pumped out. Many animals have contrivances 
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of a aimilar character to enable ihem to vti\k in all positions, to eeiie tlieir 
prej, elc. Tbe gecko and the cntile-llxh furnLth inieiesiing examples, as 
noticed in Hooker's Nataral Uisior;. Snails, limpets, etc., ailtiere lo rocks 
by a like arrangement. Some fisbes do the Bame ; one, called Ibe remorn, 
attaches itself bj sncken to the aide of some large (ish or a ahip, and thus 
enjoTs a fine ride through the water without any eitertion on hia part. 
In alt such cases it is water instead of air that makes the preasnre, but 
the principle is tha.-same. Flies and some other insects can walk up a 
smooth pane of glass, or along the ceiling, because their feet have contriv- 
ances similnr in principle to the boy's sucker. The hind-feet of the wal- 
rus are constmcted somewhat like the feet of the fly, enabling this huge 
animal to climb smooth walls of ice. .. 

13S. Density of tbe Air Dependent upon Fiesrare. — The 
fact that the degree of the density of the air is dependent 
on pressure lias been already shown in g 131. Tbe same 
thing can be ehown in various ways by experiments wilh 
an air-pump. If a small bladder partly filled with air, 
Fig. 185, and loaded with a weight so as to sink iii water, 
be placed in a jar of water, and the whole be 
set under the receiver of the air-purap, on ex- 
hausting the air the bladder will swell out, 
owing to the expansion of the air, and will rise. 
The reason is, that the pressure being removed 
from the surface of tho water, the bl.idder beai's 
only the pressure of the water, and not that of 
the air plus the water; hence the air within ng.isd. 
expands and becomes less dense. If an In- 
dia-rabber bag be partly filled with air, Fig. 186, and put 
under the receiver, when the air is exhaueled tho bag is 
^ relieved of pressure, and tho air in it becomes ex- 
||P^^ panded — that is, rarefied. For the same reason, 
II ^H if a vessel with soap-bubbles in it be placed under 
tl Jl *'^® receiver, on pumping out the air tho bubbles 
^§9^^ will become much enlai^ed. A very pretty ex- 
Fiff.iso. periment illustrates the same principle. Let an 
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egg with a hole in its small end be suspend* 
ed in a receiver, as represented in Fig. 187, 
a wine-glass being placed beneath it. On 
exhausting the air, the eg^ will run out of 
the shell into the wine-glass, and then, on 
admitting the air, the larger part of it will 
run back again into the shell. This may be 
explained as follows : The large end of the 
egg contains air. As soon as the pressure 
of air is removed from the egg, the air in the egg expands, 
forcing out the contents; but when the air is admitted into 
the receiver, the air in the egg is at once condensed to its 
former small bulk by the suiTounding pressure. 

Hydrostatic BaUoon, — The philosophical toy represented 
in Fig. 188 illustrates very beautifully the influence of 
pressure upon the density of the air. The balloon 
in the jnr of water is constructed of glass, having 
a small orifice at its lower part. Water is intro- 
duced into the balloon, care being taken to put in 
just enough to make the balloon of a little less 
specific gravity than water. In that case it will 
rise to the top of the jar, with a very little of its 
top above the surface of the water. Now tie a 
piece of India-rubber cloth over the top of the jar, 
and the apparatus is complete. On pressing upon 
the India-rubber the balloon will descend in the 
jar, and on removing the pressure it will rise. The 
explanation is as follows : The pressure upon the ^' ' 
India-rubber is felt through the whole body of the water in 
the jar, and forces a little more water into the orifice of the 
balloon, condensing the air within it. The balloon conse- 
quently becomes heavier, and, having a greater specific 
gravity than water, sinks. But when the pressure is re- 
moved, the condensed air in the balloon, by its elasticity, 
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retuiiis to its former bulk, expelliag the surplus water just 
iutrodticed; aod the balloon, becomiog thei'efore as light ns 
before, rises. 

137. Pores of Substances Contaia Air. — We have said 
that the pores and interstices of wood, flesh, and a 
great variety of substances contain air. In all these 

cases the presence of the air can be made manifest 
by removing the pressure of the sniTounding air, 
and thus allowing the air in these substances to ex- 
pand. If an egg be placed in a jar of water, Fig. 
189, under the receiver of au air-pump, on exhaus- 
tion being made, air-bubbles wilt constantly rise in Fig.isa. 
the water from the egg. In like manner, the 
sui-face of a glass of ale, Fig. 190, will be covered 
with foam, the carbonic-acid gas in it escaping 
freely when the pressure of the air upon it is re- 
moved. The same thing may be seen to some 
t extent even in water, for it always contains some 
Fig. 190. air. For a similar reason a shrivelled apple will 
become plump and fair when the pressure of the external 
air is removed, but will shrink at once to its shrivelled state 
when the air is admitted into the receiver. 

138. Elasticity of the Air. — All the phenomena men- 
tioned in § 136 and § 137 exhibit the elasticity of the air. 
Qwing to this property it is always disposed to expand 
when pressure is removed from it. This is most strikingly 
exhibited when the air is mnch condensed by pressure; the 
greater the condensation, the stronger the expansive or elas- 
tic force. Fig. 191, page 220, represents an instrument called 
the condenser. In the cylinder, A B, moves the piston, P. 
Air is admitted to the cylinder at F, and into the receiver, 
V, at G. The valve at F prevents any air from escaping 
from the cylinder, and the valve at G prevents it from escap- 
ing from the receiver. The instrument operates thus ; If the 
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piston be pressed downward, the compress- 
ed air in the cylinder ehtits the valve F 
and opens G, and so enters the receiver, V. 
If the piston be raised, air rushes in at F 
to fill the space in the cylinder. It cannot 
come from V, because the valvo Q is shut 
by the pressure of the air within. By work- 
ing the piston for some time, you can force a 
quantity of air into V of very great density. 
It is evident that this instrument is the very 
opposite of the air-pump. The receiver, V", 
contains condensed air, while the receiver 
of the air-pump contains rarefied air. If 
you compare the two instruments, you will 
see that the opposite results are owing to 
pig.iei. ^ different arrangement of the valves. 
Until quite recently air had never been condensed to 
the liquid state. Tliis was accomplished by Messrs. Pictet 
and Caitletet, who subjected it to enormous pressnre and a 
very low temperature. The term perma}ie7ie gas formerly 
applied to air must now be abandoned. 

The elasticity of the air and other gases results from an 
incessant commotion of their particles. We must picture 
to ouf minds the molecules of a gas as moving in all direc- 
tions, constantly striking against each other, and thus pro- 
ducing pressure on the sides of an enclosing vessel. We 
have already referred to this motion of the molecules of a 
gas in § 8. The foroe with which the molecules strike 
against the confining walls will be greater the smaller the 
space through which they are allowed to move, a consider- 
ation which explains the fundamental principle known as 
Marriotte's law — viz., the pressure of any quantity of gas 
is inversely proportional to its volume. That ia to say, the 
greater the pressure to which a gas is subjected, the less 



PNEUMATICS. 221 

space it occupies. Thus a body of air which under a cer- 
tain pressure occupies six cubic feet will be condensed to 
three cubic feet by twice the pressure, and to two cubic 
feet by three times the pressure, etc. 

Illustrations, — Air-guns and pop-guns illustrate the elasticity of con* 
densed nir. The air-gun is constructed in this way : A receiver like V, 
Fig. 191, is so made that you can screw it on and off the instrument. 
After being charged with condensed air, it is screwed upon the gun, its 
stem communicating with the barrel. In order to discharge the gun 
there is a contrivance connected with the trigger for raising the valve, 
G, so that some of the conJjiised air may enter the barrel. On doing 
so, its sudden expansion rapidly forces out the contents. The principle 
on which the common pop-gun operates is similar. Air is confined be- 
tween the two corks, F and P', Fig. 1U2. As the rod, S, is pushed quickly 




Fig. 192. 

in, the cork P' is carried nearer to P, so that the air between them is 
condensed. With the condensation the expansive force is increased ; and 
when it becomes so great that the cork P can no longer resist it, it throws 
the cork oat, and so quickly as to occasion the popping sound. 

The explosion of powder famishes a good illustration of the expansive 
force of condensed air or gases. These gases are produced so suddenly 
from the powder that at the instant they are in a very condensed state, 
and therefore expand powerfully. The power of steam is in proportion to 
its condensation. When formed under the confinement of a boiler, on 
being allowed to escape it expands with great force. The application of 
the expansive power of steam will be treated of particulai'ly in § 1 82. 

139. Pressure of the Air on Liquids. — If you plunge a 
tumbler into a vessel of water, and, turning it over, hold 
it so that its open part is just under the surface, it will re- 
main fall. This is because the weight of the air pressing 
upon the surface of the water in the vessel prevents the 
water in the tumbler from passing downward. Now, 

K 
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if you introduce a bent 
tube under the tumbler, as 
shown in Fig. 193, and blow 
through it, the air forced 
up into the tumbler presses 
the water down, taking iis 
place. That is, the piess- 
ure of the air within the 
tuinbter acts in opposition 
■ to the pressure ot the air 
upon the surface of the 
water. If instead of a tum- 
*' bier yon take a tall jar, as 

represented in Fig. 194, and, filling it with water, invert it 
upon a small shelf placed beneath the 
surface of the water, you will have a 
representation of the pneumatic trough 
used by the chemist in collecting gases. 
To fill the jar a with gas he puts be- 
neath it the mouth of the retort from 
which the gas issues, and the gas pass- ^'s- "*■ 

; upward expels the water. In 
I Fig. 195 is represented an experiment 
which shows not only that the pi'css- 
' ni-e of the air sustains the column of 
' water in the cases cited above, but 
also that it makes no difference in 
what direction this pressure is exert- 
ed. Take a glass, fill it even full with 
water, and, placing a piece of writing- 
paper over its mouth, carefully invert 
it, as shown in the figure. The paper 
I will remain, and the water will not 
run out. It is the pressure of the air 
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that sustains the water, and the paper only serves to main- 
tain the sui-face of the water unbroken. If the paper were 
not there the particles of the air would insinuate them- 
selves among those of the water, and pass upward in the 
glass. This explains why a liquid will not run from a 
barrel when it is tapped, if there be no vent-hole above, 
unless so large an opening be made as to let the air work' 
its way in bubbles among portions of the liquid. It is this 
entrance of the air that causes the gurgling sound heard 
in pouring a liquid from a bottle. 

140. Amount of AtmoBpherio Presaure. — If, instead of the 
glass jar in Fig. 194, you use a tube thirty-four feet long, and 
closed at the top, it will remain full of water. If the tube 
be longer, the water will stand only at thirty-four feet, leav- 
ing an empty space, or vacuum^ above it. It makes no dif- 
ference what the size of the tube is ; the result will be the 
same in all cases.* That is, a column of water thirty-four 
feet high can be sustained by the pressure of the atmos- 
phere. It is easy, therefore, to estimate the weight or press- 
ure of the air. The pressure of the column of water is found 
to be fifteen pounds to the square inch of its base, and this, 
of course, is the amount of pressure or weight of the atmos- 
phere which it balances. Mercury is thirteen and a half 
times as heavy as water, and therefore the air will sustain 
a column of it only about thirty inches in height {16 cm.). 

141. Barometer. — ^The weight of the atmosphere varies 
to some extent at different times, and the barometer is 
an instrument for measuring these variations. It is con- 
structed on the principles developed in the previous para- 
graphs. Fig. 196, on the following page, represents a very 
simple form of the instrument. A glass tube about 35 inches 

* This is trim except when the tube is so small that capillary attraction 
exerts considerable influence. 
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(88.8 centimetres) long, closed at one end, is fill- 
ed with mercury, and then inverted in a cup of 
the same liquid, n n. The vacuum 
produced by the falling of the mer- 
cury is called the Torricellian vacu- 
um, from Torricelli, an Italian, who 
first developed the principles of 
the instrument in 1642. Fig. 197 
shows another form of the instru- 
ment, with a scale attached. The 
mercury generally stands at the 
height of about 30 inches. But it 
varies with the weather. When 
the weather is bright and clear, 
the air is heavier, and, pressing 
upon the mercury in the vessel, 
forces it up higher in the tube. 
But when a storm approaches, the 
air is apt to be lighter, and there- 
fore, pressing less strongly on the 
mercury in the vessel, the mercury 
in the tube falls. 

The barometer is of great service, espe- 
cially at sea, in affording the sailor warning 
of an approaching storm. An incident is 
related by Dr. Arnott which strikingly illus- 
trates its value in this respect. He was at sea in a southern latitude. 
As the sun set after a beautiful afternoon the captain foresaw danger, 
although the weather was perfectly calm, for the mercury in the barom- 
eter had suddenly fallen to a remarkable degree. He gave hurried or- 
ders to the wondering sailors to prepare the ship for a storm. Scarcely 
had the preparations been made when a tremendous hurricane burst upon 
the ship, tearing the furled sails to tatters, and disabling the masts and 
yards. If the barometer had not been observed, the ship would have 
been wholly unprepared, and shipwreck, with the loss of all on board, 
would in all probability have resulted. 
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A water-barometer could be made, but it would be very- 
unwieldy, for the tube must needs be more than 34 feet 
long. Besides, it would not answer in very cold weather, 
for the water would freeze. So short a column of the heavy 
fluid mercury balances the weight of the atmosphere that 
a barometer made with this is of very convenient size ; and 
then there is no danger of the mercury's freezing, except in 
the extreme cold of the arctic regions. 

The Barometer a Measurer of Heights, — ^The atmosphere, 
as stated in § 131, diminishes regularly in density as we go 
upward. The rate of this diminution has been accurately 
ascertained, and therefore we can estimate heights by the 
amount of pressure on the mercury in the barometer. At 
a height of 500 feet the barometer will be half an inch 
lower than in the valley below. At the summit of Mont 
Blanc it stands but half as high as at its foot, indicating a 
height of 15,000 feet. Du Luc, in his famous balloon ascen- 
sion from Paris, saw the barometer at one time standing at 
about twelve inches, showing an elevation of 21,000 feet. 

The Aneroid Barometer, — ^The inconvenience of travel- 
ling in mountainous regions with a long tube filled with 
mercury is very great, and 
has led to the invention of 
another form of barometer 
which is called an Aneroid. 
The principle involved in 
its construction may be ex- 
plained by reference to Fig. 
198. The curved tube a ft, 
when exhausted of air and 
hermetically closed, is sen- 
sitive to the variations in 
the pressure of the atmos- 
phere, the ends of the tube Fig.i98. 
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approaching with increased pressure, and receding with re- 
duced pressure. 

Kow, if a similar tube be inserted in a case, and the 
ourvedeDdsbeconnectedby means of a mechanical contriv- 
ance with a hand like 
, that of a watch, we will 
have the simplest possi- 
ble Ibriu of the aneroid 
barometer. The hand 
points to figures around 
the dial-plate of the in- 
strument corresponding 
I to the height of the mer- 

curial barometer. The 
general appearance of 
snch an instrument is 
that of a watch, and it 
is but little larger (Fig. 
Fig. IM. 1 99). 

142. Relation of tbe Air's Preunre to the Boiling-poliit. 
— Water heated to 212 degrees Fahrenheit (100° Centi- 
grade) boils — that is, it becomes vapor. If water be 
heated on the summit of a high mountain, it boils be- 
fore it reaches this temperature. On the top of Mont 
Blanc it boila at 180 degrees (82.2° C. ) — that is, 32 
degrees (17.8° C.) below the boiling-point of water at - 
the foot of the mountain. This is because the pressure 
of tbe air acts in opposition to the change of water into 
vapor; and the less the pi-essure, the less heat will bo re- 
quired to vaporize the water. We may illustrate this in- 
fluence of the pressure of air upon boiling by the follow- 
ing experiment. Let a cnp of ether, which boils at 95 
degrees {36° C), be placed under the receiver of an air- 
pnmp. On rarefying the air by the pump, the ether will 
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boil. Tlie genei'al ■ 
effect of pre as live 
npon boiling may 
be prettily illusti-at- 
ed by another ex- 
peiiment. Boil some 
water in a tliiii flask 
over a spirit-lamp. 
Wbile the steani is 
Gtill issuing cork tliu 
flask tightly, invert 
it, and let the boiling 
cease. If, now, yon 
pour some cold wa- 
ter over the flask, 
the boiling will com- 
mence again with 

considerable energy. Pig- sot 

Why? Because yon condense the steam above the water 
by the application of cold, and thus remove the pressure. 
Then, again, if you pour hot water over the flask while the 
water is boilinij, the boiling ceases, because the heat favors ■ 
the accumulation of steam, and therefore renews the press- 
ure on the surface of the water. 

It is evident from whnt has been stated tliat most liquids have thnt 
form owing to the pressure of the atmosphere upon them. If there were 
no almosphero, ether, alcohol, the volatile oils, and even water, would fly 
off in vapor ; and the earth would be enveloped in a (rnseous robe, for the 
particles of the vaporg wonld be beld to the earth by attraction, just as the 
parliclee of tbe air now ore. 

143. Siphon. — The pressure of air npon fluids is beauti- 
fully exemplified in the operation of tbe siphon. This in- 
strument is simply a bent tube having one branch longer 
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than the other. Its operation 
is shown in Fig. 201. The tube 
having been iirst filled with 
the liquid, its shorter branch is 
placed in the liquid of the ves- 
sel A, which is to be emptied, 
and beneath the other is held 
the vessel B, which is to receive 
the liquid. As shown here, the 
opening of the long branch is 
below the surface of the liquid 
in B. It is manifest, therefore, 
that the air presses equally upon the sni*faces in both 
vessels, tending to support the fluid in the tube, just as 
the water is supported in the jar in Fig. 194. But, not- 
withstanding these equal pressures, the liquid runs up the 
tube from A, and down its longer branch into B. Why 
is this ? Since the pressure of a column of fluid is in pro- 
portion to its height, there is greater pressure or weight 
in the longer branch than in the other; and it is this 
diflerence in weight that causes the flow from A into 
B through the siphon. The diflerence in the columns 
in the two branches is not the difference in length of 
these branches, but the distance between the levels of 
the fluid in A and B — that is, the distance from a to b. 
The operation, then, of the instrument is this: there is a 
constant tendency to a vacuum at C, the bend of the tube, 
from the influence of gravitation on the excess of fluid in 
the long branch over that in the short one. This tendency 
is constantly counteracted by the rise of fluid in the short 
branch, it being forced up by the pressure of the air upon 
the surface of the fluid in A. 

If the siphon were so placed that the surface of the 
liquid in A were precisely on a level with that in B,as repre- 
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Bented id lilg. 202, the liquid 
would remain at rest, for, 
einee pleasure ia in propor- 
tion to the height, and the 
pressures on the two sur- 
faces are equal, there would 
be an exact balance. But 
let the surface in B be ever 




> little lower than in A, and 



the dow will begin. And the greater the distance between 
the two levels, the more rapid will 
be the &ow, for the greater will be 
the influence of gravitation iu the 
long branch. 

Again, if the end of the long 
branch of the siphon be free, as in 
Fig. 203, the siphon will operate in 
the same way, foi* the air, pressing 
in all directions equally, tends to 
support the column of fluid in the 
long branch by a direct upward 
pressure, but is prevented from do- 
ing so by the excess of fluid in it 
^e*«i- above that in the shorter one. The 

operation of the siphon is commonly i-epresented in this 
way, bnt we have given first the ar- 
rangement in Fig. 202, in order that you ) 
might more clearly see the principle of 
the instrument. 

Uits o/Ihe Stplion.—'Tbe siphon ia nsed chiefly 
for tliacharging liqiiid» from one barrel or vessel into 
nnotlier. For coavenience. it js often constructed 
dfler the plan of Fig. 204. To the long branch, 
B C, is attached the tube E D. It is Dsed in this 
waj ! The end of the short hranch, A, being intro- 
duced into the 1ic|uid to be dmwn off, yon close the 
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end C itilh a cork or jour finger; and ufier filling the eiplioTi b; suction 
tX K, ;ou reniDve the linger and let the liquid ran. The sipiion has 
sometimes been need lo drain pits and mines. It of course can never be 
used nliere the elevnlion over wliich the tube is )o bend is over 34 ftet 
from tlie surface of the water to lie discharged, for then the air would 
not press the water up to the bend of the siphon. 

The so-called cup of Tantalus is a pretty 
toy ; it consists simply of a goblet contain- 
ing a sipbon wbich is concealed by a human 
fignie. Ill Fig. 205 the figure ia omitted to 
show the position of the siphon. On pour- 
ing water into the cup, it will remain there 
until you pour in enough to cover the bend 
of the siphon; as soon aa this is done, the 
siplion fills, and the water flows out through 
the long branch which passes through the 
bottom of the cup. The lips of the human 
Fig. MS. figure being on a level with the bend of the 
Biphon, it is appai'ently prevented from drinking in a tan- 



taliz 



way. 



144. luteimltting Springs. — The operation of an intermit- 
ting spring is essentially the same uiili t 
Tantalus. Fig. 206 
represents such a 
spring. There ia a 
cavity in a hill, sup- 
plied with water from 
a source above. There 
is also a passage from ■ 
the cavity whi 

takes a bend upwani *ij;.«iii 

like a siphon. Now, when the 'water in 
low, it will not run out from the siphoi 
but when the cavity becomes filled above tho level of 
the bend, the water will at once flow out, just as it does 
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from the <;up of Tantalus as soon us the beud of its siphon 
is covei-ed. 

145. Fmnps. — The accompanying ent represents a com- 
mon form of piimp. A tube extends down into the well, B, 
Above this is the barrel 
of lbepump,o5,in which 
the piston works up and 
down. There is a valvo 
in the piston, and anoth- 
er at tho bottom of the 
barrel. Both of them 
open upward. We will 
suppose that the pump 
is entii"ely empty of wa- 
ter. If the piston de- 
scend, the piston valve 
shuts down, and the low- 
er valve opens, letting 
the air between pass up- 
ward. When the piston 
rises, the air above the 
piston cannot get below, 
for its pressure will shut 
the valve in the pis- 
ton. But there will be 
a tendency to a vacuum 
below the piston as it 
rises, and the air will 
pass up through the 
valve in the barrel to 
fill up the space. But 
why does the air rise? J^'s-^"' 

Because of the pressure of the air upon the surface of the 
water in tlie well. This forces up in the pump tho water 
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and the air above it, just in proportion as the downwaivl 
pressure in the pump is lessened. If the pumping be con- 
tinued, all the air will soon be expelled, the water follow- 
ing it and flowing out at the opening, r. It is obvious 
that the pump will be useless if the valve in the barrel be 
over 34 feet above the surface of the water in the well, be- 
cause the pressure of the atmosphere will not sustain a 
higher column of water. 

In common language, tlie operation of the pump is attributed to wluit is 
called n ininciple of auction, as if there were a. drawing-up of (lie water. 
But thnt water, ;on see, is not drawn, but forced up. So it is with all 
operations of a similar character. When we applj the moutb to suck up a 
fluid thi-ough a tube, the flaid is forced up because the pressure downward 
in the tube is removed. But how is it removed? It is done b; a move- 
ment of the tongue downward from the roof of the moucli ; thus removing 
the presiinve of the air, in the same manner as tbe upward movem^it of 
the piston in the pump. To fill the space made by the movement of iha 
tongue, the air is foi'ced np the tube, the liquid following; nnd, as in the 
case of the pump wlien the air is all expelled, the liquid will begin to dis- 
charge into the moutb. 

Forcing-Pump. — The forcing-pump is constructed differ- 
ently from the common pump. Its plan 

F is given in Fig,208. It has a pipe, C I>, 
and a barrel, A B, like the common 
pump. It has also the valve E at the 
bottom of the barrel. But it has no 
valve in the piston. Connected with 

, the barrel is another pipe, F G, from 
which the water issues. This has a 
valve, H, opening upward. The opera- 
tion of the pump is obvious. As the 
piston is drawn up, E opens and H shuts; 
and when it is forced down, E shuts anil 

Fie. SOS. IT 

H opens. 
146. Pira-Engine. — The fire-engine has commonly two 
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forcing -pumps, with a contrivance for making the water 
issue in a unitbini stream. This contvivance can be ex- 
plained by refercDce to Fig. 209. The discharging -pipe, 
/( ff, extends down into a large vcRsel, a, which is filled 
with air. The uniformity of the stream depends upon the 
clastic force of compressed air, as will appear from an ex- 
planation of the operation of the machine. When the wa- 



ter is forced throagh the openings c S, it compresses the 
air in a, for the tube hg is too small to allow all the water 
to escape that comes from the larger tubes, b b. Now, the 
moment that the piston is raised it ceases to foroe the wa- 
ter through c, aiid the elastic force of the compressed air 
operates, shutting down the valve c and forcing the water 
up A ff. The result is a continuous rise of the water in 
this tube, and therefore a uniform stream. The valves d d 
permit the water in the reservoir surrounding the cylin- 
ders to enter when the pressure in e is relieved. By hav- 
ing two cylinders and pistons communicating with one air- 
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chamber, a, as in the figure, the continuity of the stream 
of water is doubly insured. 



QUESTIONS. 

128. What does pneumatics teach? How can you show that air is ma- 
terial ? How that it has weight ? Describe the experiment. What is its 
weight compared with that of water? — 129. What is said of the attrac- 
tion of the air by the earth ? Explain why some things rise and others 
fall in air. — 130. How thick is the earth's air- covering? How is the 
height of the atmosphere ascertained ? At what rate does the earth more 
round the sun? — 131. State the influence which gravitation has upon the 
density of the air at different heights. Give the comparison of air to wool. 
What is said of hydrogen and balloons ? — 132. In what are gases and liq- 
uids alike, and what are the results of the similarity ? — 133. What is the 
amount of pressure of the atmosphere on each square inch of surface ? 
Give the calculations in regard to this pressure. Show why the great 
pressure of the air does not produce injurious effects. — 134. Describe 
the air-pump. Explain by Fig. 1 78 the plan and working of the air-pump. 
— 135. State some of the experiments with the air-pump. How can you 
prove that air, like water, presses equally in all directions ? State the com- 
parison about the fish. What is said of the Magdeburg hemispheres ? Give 
the experiment with mercury. Explain the operation of the boy's sucker. 
Give the statements about sucker-like arrangements in animals. — 1 36. State 
the experiment of the bladder and weight. Give the experiment with the 
India-rubber bag. State the experiment with the egg. Explain the opera- 
tion of the hydrostatic balloon. — 137. What is said of the presence of air in 
various substances ? — 138. What is said of the elasticity of air ? Describe 
and explain the condenser. What is meant by a permanent gas ? To what 
is the elasticity of the air due ? What is Mnrriotte's law ? Show how the 
air-gun operates. Explain the pop-gun. Explain the operation of gun- 
powder. Explain that of steam. — 139. Describe and explain what is rep- 
resented in Fig. 193. Explain the collection of gases in the pneumatic 
trough. Explain the experiment represented in Fig. 194. What is said 
of tapping a barrel? What causes the gurgling sound when a liquid is 
poured from a bottle? — 140. How high a column of water will the press- 
ure of the atmosphere sustain ? How do you find from this the pressure 
of the air on every square inch of surface? How high a column of mer- 
cury will the atmosphere sustain? — 141. Explain the barometer. Relate 
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the incident given by Dr. Amott, Why would not a water •baTometer 
answer ? What is said of the barometer as a meaaurer of heights ? De- 
scribe the aneroid baromeler, — H'i, How is (he hoi ling point influenced 
by the amount of the ait's pressure? Gire the esperiment with ether. 
State the esperiment with the flask. WImt would happen to liquids if 
the atmosphere nero removed from the earth? — 143. Explain the opuT- 
otion of the siphon. Explain what happens if the siphon be placed m 
shonn in Fig. 203. Explain the nses of the siphon. Explain ihe opera- 
lion of the cup of Tantalus. — 144. How are inteimitting springs account- 
ed for? — 145. Explain the operation of the common pump. Whj does the 
nnter rise in tlie pump? How is sucking done? Explain the forcing- 
pnmp. — 146. Explain the working of a flrc-engine. 



CHAPTER XIV. 

SOUND. 



14V. That branch of iiataral philosophy, or physics, which 
treats of the pbeDOmena of sound is called Acoustics, the 
name being derived from a Greek word meiiniiig 
" I hear." Acoustics deals mainly with the pvoduc- 
tiou, transmission, and comparison of sounds, leav- 
ing the question of the pleasurable feelings they 
may arouse to the science of music. Sound may be 
ctefined as a sensation excited in the organs of hear- 
ing resulting from the vibratory motion of bodies, 
which motion is usually transmitted by the air. 

Bodies which emit clear and regular sounds are 
said to be sonorous. That the production of sound 
is due to their vibrations may be made manifest to 
the senses in many ways. If we place the hand 
upon a large bell that has been struck, we can feel 
the vibration. If we strike one of the ends of a 
toning-fork ujion some h.ird body, we can see the 
vibration, as represented in Fig. 210 by the dotted Fig.sit^ 
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lines. If we examine the strings of a piano while it is 
played, the vibration of the larger strings is very notice- 
able. If we rub the edsce of a drinkinsc-orlass with a moist- 
ened finger so as to produce a musical sound, the water 
within it will be thrown into waves by the vibration of 
the glass. 

In wind instruments, as the flute, horn, etc., the sound 
is caused by the vibration of the body of air within the 

instrument. In the common tin whistle or 
bird-call, Fig. 211, the sound is produced by 
the vibration imparted to the contained air 
by the impulse of the breath through the 

¥l^. 211. ^j.ifi^g^ ^ 

148. An Analogy. — ^The vibration of a sonorous body is 
much like that of a pendulum. The end of the tuning-fork. 
Fig. 210, on being struck passes to by and in returning pass- 
es by the point of rest, A, just as a pendulum does, and 
reaches a. So, also, if a string, tightly stretched between 
two points, A B, Fig. 212, be drawn aside to D, as it flies 
back to C it will by its in- d 




ertia pass on to £, and will A" 



B 



continue to vibrate back and "E" 

forth for some time. The ^^^•^^*- 

same rule also applies to the extent of the vibrations here 
as in the case of the pendulum, § 93. The quickness of the 
vibration is not at all aflected by its width. The farther 
the string, A B, is drawn to one side, the greater the force 
with which it will return, and hence it will reach its posi- 
tion on the other side of the middle line as quickly when 
drawn far away from this line as it would if drawn but a 
short distance. 

The vibrations, however produced, are transmitted to the 
ear by means of the intervening air. The latter is set in 
motion by the impact of the vibrating body, much as mo- 
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tion is commndicated through a series of elastic balls (§ 80). 
The particles of air swing to and fro through a short dis- 
tance, being condensed at one point and thinner at an- 
other. A succession of pulses or waves ensues, each con- 
sisting of a pulse of condensation and a pulse of rarefaction. 
The to-and-fro or wave motion is in the line of the propa- 
gation of the sound. The manner in which these sound- 
pulses act U23on the ear will be explained in the next sec- 
tion. 

Only a limited number of vibrations produce the sensation of sound ; 
those which are either very slow or very quick will not do it. Thus if a 
plate of metal or a string make less than 16 or more than 38,000 vibra- 
tions in a second, no effect is produced upon the ear. The capacity of 
hearing differs, however, in different persons, so that although few can hear 
vibrations which are beyond the range mentioned, there are many whose 
capacity falls much within it either at one end or both ends of the scale. 
The range for animals is not the same as tliat for man. Thus the lion 
and the elephant can hear a sound when the vibrations are too infrequent 
to make any impression upon our ears ; while small animals have a sus- 
ceptibility in the organ of hearing for vibrations so rapid that we cannot 
hear them, and at the same time are not susceptible to the slower vibra- 
tions. How far the range varies in different animals has not been ascer- 
tained to any extent. 

149. How the Sensation of Sound is Produced. — ^The vi- 
bration of a sounding body is transmitted to the ear ordi- 
narily through the air, and there strikes upon a little drum, 
a membrane at the bottom of the external cavity of the ear 
somewhat like a common drum-head. There the vibration 
of the air is communicated to this drum, and from this to a 
chain of very small bones. From the last of these bones it 
is transmitted to another very small drum, and from this to 
a fluid in some very complicated passages in the most solid 
bone in the body. These may be called the haUs of audi- 
ence. In the fluid contained in them are spread out the 
branches of the nerve of hearing, which receive the impres- 
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eion of the vibratioD, and transmit it to the brain, where 
,be mind takes knowledge of it. Observe that the vibra- 
Jon, traosmitted first through the air, then through the 
drum, then the chain of bones, then another drum to a 
fluid, stops at the fluid. What is traiieuiitted from this to 
,hc brain by the nerve we know not, and so we call it an 
upresaion. 

Sound TVanimitled iArough Variota Substances. — In ordinary hearing, 

und, ns yoa linve seen, is transmitted through vnrious eulistances befora 

e vibration arrives at the liquid in the halls of audience. But sonnd 

need not take this course in all cases to arrive at the nerve of hearing. If, 

jimple, ;ou plnce a watch between your teetli, the sound wilt gu 

through the solid teeth and the bones of the juw directly lo the halls of 

audience by n short cut, instead of going round through the outer ear-pas' 

sage lo the drum, and so Ihrougli lire chain of bones. Fishes in hearing 

receive the vibration through water. If you place yonr ear at the end of a 

timber, while some one scratches with a pin at the other end, you hear the 

sound distinctly, for the vibration is 

transmiired through the timber ; as 

in tlie case of the watch between ttie 

leotli, it goes through the solid bone. 

150. Sound not Tranamltted 
thtough a Vaonnm. — As sound 
is n vibi-ation of somo sub- 
stance, it cannot be transmitted 
through empty space. This 
can be proved by an experi- 
ment with the air-pump, as rep- 
resented in Fig. 213. Place un- 
der the receiver a clock-work 
furnished with a bell which 
can be made to ring by press- 
ing down a sliding rod. If it 
be struck before the air is ex- 
Fig. 213. bausted, the sound 13 heard 
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through the glass. But the more you exhaust the air, the 
fainter will be the sound ; and at length, if you keep on 
pumping, it cannot be heard at all. A similar experiment 
can be tried with a music-box. It is owing to the rarity 
o/ the air on high mountains, and at the great heights 
reached by balloons, that all sounds are so faint. The re- 
port of a pistol fired off on the top of Mont Blano is no 
louder than the snapping of a whip, and trifling compared 
with its report when fired in the valley below. 

151. Sound Caused by the Resistance of the Atmosphere. 
— Sound is often heard at a very great distance on the 
earth. The sound of an eruption of a volcano has been 
heard in one case at the distance of 370 miles. But sup- 
pose that the same sound should occur at the same dis- 
tance from the earth — that is, over 300 miles beyond the 
atmosphere that enrobes the earth — no inhabitant of our 
world could hear it, for the same reason that you do not 
hear the bell ringing in an exhausted receiver. If, there- 
fore, any sound, however loud, should be given forth by 
any of the heavenly bodies, we could not hear it. The 
course of these bodies in their orbits is noiseless, because 
they meet with no resistance from any substance. Bodies 
passing rapidly through our atmosphere cause sound, from 
the resistance which the air gives to their passage. The 
whizzing of a ball is an example of this. It is the passage 
of the electric fluid through the air which produces the 
thunder. But the heavenly bodies, meeting with no such 
resistance, make no sound in their course, though their ve- 
locity be so immense. In the expressive language of the 
Bible, " their voice is not heard." 

152. Velocity of Sound. — ^The velocity of sound varies in 
different media. Thus it passes through water four times 
as rapidly as through air. Dr. Franklin, having placed his 
head under water, heard distinctly the sound of two stones 
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struck together in the water at the distance of more than 
half a mile. Sound passes through solids much more easi- 
ly, and therefore more rapidly, than through liquids. Thus 
its velocity through copper is twelve times and through 
glass seventeen times greater than through air. If you 
place your ear against a long brick wall at one end, and 
let some one strike upon the other end, you will hear two 
reports — the first through the wall and the second through 
the air. Indians are in the habit of ascertaining the ap- 
proach of their enemies by putting the ear to the ground. 
When the eruption of a volcano is heard at a great dis- 
tance, the sound comes through the solid earth rather than 
through the air. The ready transmission of sound through 
solids furnishes us with a very valuable means of examin* 
ing diseases of the lungs and heart. The sounds occasioned 
by the movement of the air in the lungs and by the action 
of the heart are very distinctly heard through the solid 
walls of the chest. 

153. Measurement of Distances by Sound. — Whether 
sound be loud or weak makes no difi\jrence in its veloc- 
ity. Thus the sounds of a band of music at a distance all 
reach your ear at the same time, the sounds of the instru- 
ments that can scarcely be heard keeping exact pace in 
the air with the sounds of the loudest. The velocity of 
sound is uniform throughout its whole course, being just 
as rapid when it is about to die away as it was when 
it began. This uniformity in the velocity of sound en- 
ables us to estimate the distance of the object by which 
any sound is made. We do it by a comparison between 
light and sound. Sound moves at the rate of 1120 feet in 
a second. Now, light moves 192,000 miles a second, and 
therefore, for all ordinary distances on the earth, we need 
make no allowance of time for light in comparison with 
sound. If we see, then, the operation by which a sound 
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is produced, we can estimate its distance from us by the 
length of time which elapses between what we see and 
what we hear. In this way we can estimate very accurate- 
ly the distance of a cannon that we see fired, or the dis- 
tance of a flash of lightning. When the interval between 
the flash and the peal of thunder is about four and a half 
seconds, the distance of the cloud is about one mile. 

154. LoudnesB of Sound. — ^The loudness of sound depends 
upon the width of the vibrations producing it. The harder 
you strike the end of the tuning-fork, Fig. 210, the farther 
will it vibrate the one way and the other, and the louder 
will be the sound. The sam^ thing is true of the strings 
of a piano. A round bell, when struck, tends in its vibra- 
tion to take an oval form, and the extent of its vibration 
back and forth determines the loudness of the sound. As 
sound passes from the sounding body the vibration grad- 
ually lessens, and at length dies away. It is like the suc- 
cessive vibrations or waves of water produced by drop- 
ping a stone in it. The louder the sound, the larger are 
the flrst vibrations and the farther will the vibrations ex- 
tend; as a large stone dropped into water will produce 
larger waves than a small one, and tlie waves will extend 
over a greater space. 

The loudness of sound decreases very rapidly as the dis- 
tance from its source increases; at twice the distance the 
intensity is only one fourth ; at three times the distance, 
one ninth, etc. ; the law being the same as that of gravita- 
tion — viz., the intensity is inversely as the square of the 
distance. (See § 28.) When there is no hindrance, sound 
spreads equally in all directions. In this respect the vibra- 
tions or waves of air resemble waves of water. Liffht is 
also diffused in the same manner, as you will learn in 
another chapter. 

155. Reflection of Sound. — If an elastic body be thrown 
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perpendicularly iipon a surface, it rebounds in the Bame 
path in which it is thrown. But if it hit the surface ob- 
liquety, it is thrown off or reflected in a dtfiureiit direction. 
Thus a bail thrown fi-om 
p upon the surface s «' at 
the point n will rebound 
en the same line, »^; but 
if it be thrown from f, it 
will be reflected in the di- 
rection n d. The angle i 
between the Vmes/n and 
n p is called the angle of 
incidence, and the angle r 
between the lines pn and 
V d is called the angle of reflection : these two angles are 
always o<]ual if the body projected be perfectly elastic 
Waves of sound are reflected iu accordance with tlie same 
law. The reflection of sound is the cause of echoes. In 
order that an echo be perfect, the sound must be reflected 
back to the ear from a plane surface of some size. Some- 
times successive plane surfaces of rocks in a valley, or 
along a river, cause a series of ecboes. Thus in Fig. 215 
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IS represented a locality on the Rhine where a sound is 
reflected at successive places, 1, 2, 3, 4. The rolling of 
thunder, though sometimes caused by the different dis- 
tances of parts of the same flash of lightning, is common- 
ly owing to reflections of the sound among the clouds. 
From this cause the report* of a cannon is more apt to be a 
rolling sound when there are clouds above than when the 
sky is clear. Sound is continually reflected in every varie- 
ty of direction from obstacles with which it meets. Thus 
in a room it is reflected from the walls and from all the 
objects in the room ; and the more varied are the surfaces, 
the more varied and confused are the reflections. You 
know that a voice has a very different sound in an emp- 
ty room from that which it has when the room is filled 
with an audience. Indeed, a blind speaker can estimate 
very nearly the size of his audience by the sound of his 
own voice. The explanation is, that with a full audience 
the surfaces for reflection are vastly multiplied, and so de- 
prive the sound of the sharp and ringing character which 
is given to it by reflection from comparatively few surfaces 
which are plane and firm. The effect produced by an au- 
dience upon the voice of the speaker is quite analogous 
to that of miiflling upon the sound of a drum. 

156. 'Whispering-Galleries. — The reflection of sound from curved 
surfaces gives us some interesting phenomena. The waves of sound in be- 
ing reflected from a concave surface are gathered together at some point. 
If the surface be a perfectly spherical one, and the sound issue from the 
centre, the reflection wiU be from all 
points to the centre. But suppose the 
concave surface have the curve of an 
ellipse, as represented in Fig. 216. This, 
instead of having a centre, has two foci, 
c and g. Now if a sound proceed from 

one focus, c, the waves of sound, as represented by the lines c d, c e, cf, 
c h, will all be reflected to the other focus, 9; so that if a person speak in a 
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very low tone or oven whisper at c, he maj be heard distinctly by another 
at g, though persons at other points may hear nothing. This phenomenon 
may occur with a curved wall extending even several hundred feet ; and 
such structures are called whispering-galleiies. If in one of these galleries 
a person standing in one focus speak softly, he will be heard by others at 
any point by the direct waves of sound ; but the reflected sound will be 
added to the direct in the case of one standing at the other focus. The 
wliispering-gallery in the dome of St. Paul's Cathedral, London, is a cele- 
brated example well worth visiting. 

157. Concentaratioii of Bound. — ^It is by the reflection of 
sound that it can be concentrated in various ways. Thus 
in using a speaking-trumpet the waves of sound, instead of 
moving in all directions as soon as they escape from the 

mouth, are reflected 
by the sides of the 
instrument towards 
a central line, as rep- 
resented in Fig. 217. 
The waves or vibra- 
tions, being thus concentrated, have more intensity, and 
are thrown to a greater distance than if they issued di- 
rectly from the mouth. In a similar manner a speaking- 
tube, confining the vibrations, carries the voice to distant 
parts of a building. For the same reason the voice can be 
heard much farther through a narrow street than in an 
open 8pace. A speaker can be heard more distinctly in 
a hall than when addressing an audience of the same size 
in the open air. The "sounding-board," once so fash- 
ionable in churches, was really of considerable service in 
preventing the escape of the vibrations of the voice of 
the preach«r upward, and directing them 
downward upon the audience. In the hear- 
ing-trumpet. Fig. 218, the vibrations are col- 
lected in the broad open end of the instru- 
ment and by reflection are thrown together Fig. 218. 




Fig. 21T. 
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into a narrow compass' before they enter the ear to strike 
upon the drum. We often instinctively make the palm of 
the hand act as an ear-trumpet when we do not hear dis- 
tinctly. Many animals have the external ears movable, so 
that they can direct their concave surface towards the 
point from which they wish to hear. Such ears act like 
movable ear-trumpets. 

158. Difference between a Musical Sound and a Noise. — 
The difference between a musical sound and a noise is very 
analogous to the difference between a crystal and the same 
substance destitute of the crystalline arrangement. In 
both sound and noise there are vibrations, but in music- 
al sound they recur at equal intervals of time ; while in a 
noise the vibrations are irregular, and there is confusion. 
Indeed, so regular are the vibrations of musical sounds that 
the rules and principles of music have all the rigid exact- 
ness of mathematics. 

Musical sounds differ among themselves in three par- 
ticulars — loudness, pitch, and quality. The loudness, or in- 
tensity, depends, as already stated (§ 154), upon the width 
of the vibrations of the sounding body. The pitch depends 
upon the rapidity of these vibrations ; the quicker the vi- 
bration, the higher is the note. Thus a short and small 
string on a violin or in a piano gives a higher note than a 
long and large string, because its vibrations are quicker. 
The tension of the string also has an influence, the note 
being raised by increasing the tension. In tuning a violin 
the right pitch is given to each string by lessening or in- 
creasing the tension by means of the screws to which the 
strings are attached. In playing upon it various notes are 
made upon each string by shortening the vibrating portion 
more or less by pressure of the finger. 

In wind instruments the note depends on the length and 
size of the column of air contained in them. This may bo 

L 



248 



MATUBAL PHILOSOPHY. 



illustrated by an organ-pipe, Fig. 2 19. It is one 
of the pipes of what is called the flute-stop. It 
is constnicted very much like a boy's willow 
whistle. The air from the bellows of the organ 
enters at P, and, passing through the narrow slit, 
c d, is projected against the edge of the mouth, 
a b, and causes a vibration of the whole column 
of air in the pipe. The pitch of the musical note 
depends in part on the length of the column of 
air set in vibration, and in part on the eize of 
the pipe. 

It is owing to the diSerence in rapidity of 
vibration that a large bell gives a graver note 
than a small one. When musical sounds are 
produced by passing the moistened fingers over 
the edges of glass vessels, the larger the vessel, 
the graver its note. A tumbler will give a 
graver note than a wine-glass. 

The third peculiarity of musical sounds, called 
quality, is that which enables us to distinguish 
Pt" 219 *''® notes of different instruments even when 
their pitch is the same. It also gives the dis- 
tinctive character to the voices of different animals, and 
ijven of different pers 
ihe vibratory motion, 
as illnstrated by 
Fig. 220. The three 
waves, A B, C D, and 
EF, there represent- 
ed have the same 
width and the same 

length, and conse- v\s.w>. 

quently the sounds corresponding would hnv« 
pitch and intensity; but, having different^omw. 
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would be unlike in qualit3^ This method of exhibiting the 
subject does not rest on theory alone, but can be demon- 
strated to the eye by a beautiful experiment of a delicate 
character which we cannot here detail. 

159. Human Voice. — The principles developed in relation 
to musical instruments apply to the voice. The musical 
instrument of man, by which the voice is produced, is con- 
tained in a very small compass. It is that box at the top 
of the throat commonly called Adam's apple. Across this, 
from front to rear, stretch two sheets of membrane, leaving 
a space between their udges. In our ordinary breathing 
these membranes are relaxed, and tlie space between their 
edges is considei*able, to allow the air to pass in and out 
freely. But when we speak or sing these membranes, or 
vocal chords, as they are termed, are put into a tense state 
by muscles pulling upon them, and the opening between 
them is lessened. The voice is produced by the air that is 
forced out from the lungs, which, striking on the chords, 
causes them to vibrate. The nearer their edges are to- 
gether, and the more tense, the higher the note. The 
sounds are produced precisely like those of the ^olian 
harp, the air causing in the one case a vibration of strings. 
And in the other of edges of membranes. 

160. Haimony. — When a number of notes, sounded at the same 
time, are ngreeable to the ear, they are said to harmonize. Kow tliis har- 
mony depends on a certain relation between the vibrations. 'J1ie more 
simple the relation, the greater is the harmony. For example, if we take 
tlie first note, termed the fundamental note, of what is called the scale in 
music, it harmonizes better with the octave than with any other of the eight 
notes, because for every vibration in it there are just two in the octave. 
Take in contrast with the octave the second note. Here to every eight vi- 
brations of the first note we have nine of tlie second, and the consequence 
is a discord when they are sounded together. The diff'erence between the 
two cases is this : In the first case the commencement of every vibration 
in the fundamental note coincides with the commencement of every second 
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Tibration in the octaye. Bat in the other case there is a coincidence at 
only every eighth vibration of the first note with every ninth of the second. 
Kext to the octave, the most agreeable harmony with the fundamental note 
is that of the fifth note of the scale. Here we have three vibrations to 
every two of the first note, and so every second vibration in the first note 
coincides with every third vibration of the fifth. Next comes the harmony 
of the fourth, there being here a coincidence at every third vibration of the 
fundamental note. The more frequent, you see, are the coincidences be- 
tween the vibrations, the greater is the harmony. In the three cases just 
stated the coincidence is in the first at the commencement of every vibra- 
tion of the fundamental note ; in the second case, at the commencement 
of every second vibration ; and in the third, at the commencement of every 
third vibration. 

161. The Qamut, or Diatonic Scale. — In order that yon may 
see the relative numbers of the vibrations for each of the notes, we give 
them for the whole scale. They are as follows : 

1 I i ^ i « ¥ 2 

CDEFGABC 

According to this, the note D has nine vibrations to every eight vibrations 
of C, E has five to every four of C, etc., the octave C having just twice the 
number of vibrations as the fundamental note C. By this means is ex- 
pressed the proportion between the numbers of vibrations in the difierent 
notes. Suppose, then, that -you know the number of vibrations in a second 
required for C, the fundamental note, you can readily calcul&te the number 
of vibrations of each of the other notes. It is done by multiplying the num- 
ber which C has by the fractions placed over the other notes. Thus if the 
number of vibrations in a second in the fundamental note be 128, by this 
process we make the vibrations of all the notes to be thus : 

CDEFGABC 

128 144 160 170 192 213 240 256 

There are really but seven notes in what is called the diatonic scale, the 
eighth note, C, being truly the first of seven other notes above, having re- 
lations to each other similar to those of the notes below, and constituting 
another octave. So we may have several octaves, one above another. 

It is interesting to observe that the proportionate lengths of strings re- 
quired to produce the eight notes of the scale have an exact numerical re- 
lation, but the reverse of that of the numbers of the vibrations. Thus if 
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you have eight strings of the same size, their vibrating lengths required for 
the notes ai*e as follows : 

CDEFGABC 

1 S I I 9 I & i 

For the notes of the octave above, the lengths are : 

CDEFGABC 

162. Unison. — In tuning instruments so as to make them 
harmonize, the result is obtained when the corresponding 
parts of the instruments have the same number of vibra- 
tions. Thus the string in one violin that gives any partic- 
ular note must vibrate just the same number of times in a 
second as the strings giving the same note in other violins, 
or it will not be in perfect unison with them. The same is 
true of other strings for other notes, and also of the corre- 
sponding parts of all kinds of instruments which are to be 
played together. When, in tuning instruments together, it 
is said that a string of a violin, for example, is too fldt^ the 
difficulty is that it does not vibrate with sufficient rapidity, 
and it is therefore tightened to make its note sharp enough, 
as it is expressed, to be in unison with the note of the cor- 
responding strings or parts of other instruments. 

163. Mysteries of Sound and Hearing. — ^There are many 
things of a mysterious character in relation both to sound 
and the manner in which it causes the sensation of hear- 
ing. We will barely notice but two of these. The effect, 
or rather the chain of effects, resulting in hearing is whol- 
ly mechanical, until we come to the nerve of hearing, 
which branches out with minute fibrils in the halls of 
audience of the internal ear. It is merely a series of vibra- 
tions. Now, how the mere agitation of a fluid enclosed 
in hard bone can communicate through fine white fibres 
to the brain, and through that to the mind, the impres- 
sion of all the various sounds produced is a great mys- 
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tery. All that we know is that the nerve is the medium 
of the communication, but of the manner in which it per- 
forms its office we know absolutely nothing. Again, while 
it is sufficiently mysterious that this information can thus 
be given to the mind when one sound after another com- 
municates its vibration to the liquid in the ear, the mystery 
is greatly enhanced when various sounds come to the ear 
at one and the same time. To get a distinct idea of the 
very complex and wonderful character of the process of 
hearing in such a case, we will suppose that a full band of 
music is playing, and at the same time mingled with its 
sounds there are various other sounds heard, some of them 
perhaps discordant. What a divereity of vibrations we 
have here ! We have the slow vibrations produced in the 
grave notes, and the quick vibrations of the higher ones, 
all travelling together through the air to the ear, and each 
preserving its distinctive character. And more than this, 
after they arrive at the ear they are communicated unal- 
tered through the drum, the chain of bones, the second 
drum, and the liquid where the nerve is, so that a correct 
report of each of all the notes is given through the nerve 
to the mind. Then, too, if there be any discord, its vibra- 
tion travels along with the rest, and so do the vibrations 
of other sounds, as the roaring of the wind, the report of 
cannon, and the*noise of the people. And besides all this, in 
the multiplicity of the vibrations thus transmitted through 
BO many different substances the mind gets a true report 
of the comparative loudness of the sounds, and even of their 
character, so that the sounds of drum, fife, trumpet, etc., are 
all accurately distinguished. In view of such wonders, how 
significant is the question, "He that planted the ear, shall 
he not hear ?" 
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QUESTIONS. 

147. What is the meaning of Acoustics? Define soand. Mention cases 
in which the vibration of sounding bodies is manifest to the sight and 
touch. What is said of wind instruments ? — 148. State the analogy of a 
sounding body to a pendulum. How does the nir transmit sound ? What 
is the connection between sound and rapidity of vibration? — 149. Describe 
the process by which the sensation of sound is produced. Where does the 
vibration caused by the sounding body stop in the ear ? What is trans- 
mitted thence to the brain ? Give examples of the transmission of sound 
through various substances. — 150. State the experiment by which it is 
shown that sound is not transmitted through a vacuum. What is said of 
sound at great heights? — 151. How far has the sound of a volcano been 
beard ? If the same sound were made in space at that distance from the 
earth, why could not the inhabitants hear it? What is the cause of the 
noise of bodies passing through the air ? Why do the heavenly bodies, 
moving so rapidly, produce no sound ? — 152. Cite examples showing the 
different velocities of sound in different media. What is said of the urn- 
formity of 'the velocity of sound? — 153. Show how wo can measure dis- 
tances by sound as compared with light in velocity. — 154. Upon what does 
the loudness of sound depend ? Illustrate this point. What is said of th<i 
difinsion of sound ?— 156. What of its reflection ? What of echoes ? What 
is said of multiplied and mingled reflections of sound? — 156. Explain the 
operation of whispering-galleries by Fig. 217. — 157. Explain the operation 
of the speaking-trumpet. Give other examples of the concentration oi 
sonorous vibrations. — 168. What is the difference between a musical sound 
and a noise? What is said of the exact regularity of musical vibrations! 
Name the three points in which musical sounds differ. Upon what doet 
the pitch depend ? How are different notes produced in stringed instru-^ 
ments ? Upon what docs the note depend in wind instruments ? Explain 
the operation of the organ-pipe. What is said of the notes of bells and of 
musical glasses ? What is meant by quality ? Upon what does it depend ? 
lUustrate this. — 159. Explain the mechanism of the human voice. — 160. 
What is harmony ? Upon what does it depend ? Between what two notes 
of the scale is there the gi*eatest harmony ? What note next to the octave 
harmonizes best with the fundamental note ? And what note next ? Show 
why the second note, in contrast with the octave, is so discordant with the 
fundamental note. — 161. State the proportions between the numbers of the 
vibrations in the different notes. If you know the number of vibrations 
of the fundamental note in a second, how may you determine the number 
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of vibrations in the other notes? What is said of the number of notes in 
the diatonic scale ? What of the proportionate lengths of strings for dif- 
ferent notes ? — 162. What is said of tuning instruments ? What is meant 
by saying that a note is too sharp or too flat ? — 163. State in full what is 
said aboat the mysteries of sound and hearing. 



CHAPTER XV. 

HEAT. 

164. Heat and Cold. — In common language we speak of 
heat and cold as two distinct and opposite things. That 
this is not strictly correct may be shown by the following 
experiment : Take three vessels, and fill the first with ice- 
cold water, the second with hot water, and the third with 
tepid water. If you place your right hand in the first and 
the left in the second, and let them remain a little time, 
on taking them out and plunging them together into the 
third vessel, the water in it will feel warm to the right 
hand and cold to the lefl. Thus the air of a cellar seems 
warm to you in winter and cold in summer in contrast 
with the air outside. For the same reason water of a tem- 
perature that would ordinarily be refreshingly cool to us 
seems warm when drunk after eating ice-cream. It is man- 
ifest, then, that there is no fixed dividing-line between heat 
and cold ; they are merely relative terms. There is, in fact, 
no such thing as cold. Substances are cold from being 
deprived of heat ; and no substance ever has all its heat 
taken from it. Sir Humphry Davy proved that there is 
heat in ice by rubbing two pieces together in a very cold 
room until they were gradually melted. Now, this was not 
done by the air, for that was at a temperature below the 
freezing-point; the heat which melted the ice resided in 
the ice itself. 
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165. Nature of Heat. — We have just stated that there is 
no such thing as cold, and we now assure you that there is 
no such thing as heat. That is to say, there is no substance 
to that which we call heat. A hot body weighs no more 
than the same body after it has cooled. When we heat a 
substance we add nothing to it, and when we cool it we 
take nothing ponderable from it. And yet the effects of 
heat are everywhere present: " we know hot iron, hot wa- 
ter, or hot air ; but nature nowhere presents to us, nor 
has art succeeded in exhibiting to us, heat alone." The 
old theory of the nature of heat was that it is an impon- 
derable, or unweighable, and consequently very subtile 
substance, pervading all matter, and tending to diffuse by 
the mutual repulsion of the particles. This view has given 
way to another supposition, now generally received, that 
heat is merely motion of a certain kind among the material 
particles of bodies. As with sound (§147), this motion is vi- 
bratory, and the width and velocity of the vibrations deter- 
mine the temperature of the body, the hottest substances 
being those in' which the particles vibrate with greatest 
rapidity. It is further assumed that the transfer of heat 
from one body to another is effected by means of an im- 
ponderable elastic and subtile fluid called ether^ which fills 
all space, both celestial and intermolecular ( § V ). This 
ether transmits with immense velocity the vibratory mo- 
tion of the particles; and its motion produces heat, just as 
the motion of aeriform bodies produces sound. 

According to the old view, then, heat existed as a kind 
of matter, called " caloric." Under the new view, heat is a 
"mode of motion." 

Many philosophers have contributed to the establishment of the latter 
theory, but the first reliable experiments in this connection were made in 
1798 by our countryman Benjamin Thompson, better known as Count 
Rumford. Having entered the service of the Elector of Bavaria, he had, 

L2 
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among other duties, charge of the Munich arsenal. When engaged in bor- 
ing cannon, he observed the enormous amount of heat generated, a plie- 
nomenon which in his opinion was insufficiently explained by the common 
theory that the heat was furnislied by the abrasion of the metal. He ac- 
cordingly made a series of experiments which showed that enough heat 
was generated in boring a metallic cylinder (by means of horse-power) to 
raise water surrounding it to boiling. Reasoning upon these remarkable 
results, he was led to the conclusion that the heat generated could not be a 
substance or materiiil, but was in all probability motion. Subsequently 
this theory has received confirmation tlirough the labors of many distin- 
guished men, and it has been further proved that an exact relation exists 
between tlie amount of heat generated and the amount of mechanical force 
exerted in its production. Not only, however, is mechanical force capable 
of being transformed into heat, but the latter can be converted into the 
former ; in otiier words, they are mutually convertible. Whenever motion 
id arrested, some of the force is transformed into heat. Of this we have 
innumerable examples : a blacksmith hammers a piece of cold iron until it 
glows with a red heat ; a bullet fired against an iron target flattens out and 
becomes quite warm. 

We have already stated that force, like matter, is indestructible (§ 9). 
Wiien it appears to be destroyed, as in the case of arrested motion, it is 
really converted into some other manifestation of force. Such are a few 
of the phenomena and reasonings which have aided in establishing the 
present theory of the nature of heat. You will learn in another chapter 
that heat and light, as well as electricity, are also mutually convertible, 
phenomena on which is based the grand law of the "correlation and con- 
servation of force." 

166. Sources of Heat. — The priDcipal source of heat on 
our earth is the sww, though that body is ninety -two 
millions of miles distant from us. As the heat, in travel- 
ling all this long journey, is becoming more and more dif- 
fused or scattered, we can have no conception of the in- 
tensity of the heat in the sun itself. We can, however, 
form an approximate idea by observing the effects of heat 
when some of its separated rays are gathered to a point 
by a powerful lens, as represented in Fig. 221. A lens 
which concentrated the heat ten thousand times melted 



platinum, gold, quartz, etc., in 
a few seconds. And since the 
heat at the sun ia supposed to 
be vastly more inteuse than 
this, none of the most solid 
substances of oar earth would 
remain solid if present, but 
many of them would become 
liquid, and others even vapora,- 
The heat which the sun con- 
stantly radiates to the earth PiK-ia. 
pervades all substances, producing motion, and awiikuiiing 
life everywhere ; so that, in the expressive language nf the 
Bible, "There is nothing hid from the heat thereof." 

Another source of heat is within the earth itself. It has 
been found that as we descend into the earth the tem- 
perature constantly increases the farther wo go. This 
internal heat is attributed in part to subterranean fires 
and various chemical actions. Here and there we see 
external evidences of this in the eruptions of volcanoes, 
the boiling springs, the jets of steam and sulphurous 
vapors, etc. In very deep mines the temperature rises 
as you descend, becoming positively uncomfortable be- 
low a depth of 1800 to 2000 feet But that the heat in 
our earth which comes from these subterranean sources is 
small compared with that which comes from the sun is 
evident from the fact that the rate of increase of heat at 
great depths is much less than it is nearer the surface. 
This woald seem to show that although fires within the 
earth may have considerable influence in heating its crust, 
on which we live, it derives the most of its heat from the 
snn, at least to a very great depth. 

Another very common source of heat is chemical actio7i. 
We see it continnally produced in chemical experimenis. 
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CombuBtion, which is the developmect of heat and light 
accompanying chemical connbination, as will be shown to 
you in the Second Part of this series, is the most common 
of all the chemical sources of heat. Animal heat is also, for 
the most part, a result of chemical action. 

Medtanical action is a common source of heat. The rub- 
bing of a match producing heat enough to occasion flame 
is a familiar example. The spark produced by striking to- 
gether flint and steel is an incandescent particle of steel ig- 
nited by the blow. The American Indians wei-e accustomed 
to procure fire by rubbing together two dry sticks until they 
learned an easier way from civilized neighbors. An im- 
proved method of obtaining fire by the friction of wood 
against wood is shown in Fig. 222. The board B is pressed 



strongly against A, while the upright piece of hard wood 
is rapidly revolved by means of the instfument known as 
a " fiddle-bow." As soon as thei-e are any indications of 
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fire, a second person approaches a piece of tinder. This 
affords a striking example of the conversion of motion into 
heat (§ 165). 

The blacksmith, previous to the invention of phosphorus 
matches, often lighted his fire by touching a sulphur match 
to a nail made red-hot by rapid and continued hammering. 
Machinery has sometimes been set on fire by friction, and 
the water around a mass of metal has been so heated by 
boring as even to boil (§ 165). If you stretch a piece of 
India-rubber several times in quick succession, and then 
apply it to your lips, you will perceive that the motion has 
warmed it. 

Heat is sometimes accompanied by light, and sometimes 
the latter force is absent: its presence depends upon the 
rapidity of the vibrations communicated to the ether sur- 
rounding the source of heat, heat waves being less rapid 
than those of light. To this we shall again refer in the 
chapter on Light (§ 211). 

167. Ezpaxuion of Solids. — The principal effects of heat 
are expansion, liquefaction, and vaporization ; each of these 
requires your attention. Tou have already learned in § 5 

that heat acts in opposition to the at- ^^ 

traction of cohesion, tending to sepa- IIBf ic to IlI ^ 

rate the particles, and so produces an 
expansion of any substance. This may 
be exemplified in the experiment repre- 
sented in Fig. 223, in which A B is an 
iron rod of such a size that at the or- 
dinary temperature it will fit into the 
space C D in a bar of iron, and easily 
pass through the hole, E. If the rod be 
heated, it will be enlarged or expanded 
in all directions, so that it will neither 
fit into C D nor pass into the hole, E. Fig. 223. 
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When the wheelwright puts a tire upon a wlieel, he uses 
the expansive force of heat to make it fit tightly and 
firmly. The tire is purposely made a little too small 
to fit the wheel; but by being heated it is so expand- 
ed that it will readily go around the wheel, and then 
in cont<*acting as it cools it compresses the fellies very 
tightly. Water is poured on to cool the iron quickly, and 
thus prevent it from burning the wood. Iron hoops are 
put on barrels in a similar manner, the compression caused 
by their contraction binding the staves together very 
strongly. In like manner the plates of boilers are fiistened 
together; the rivets are put in red-hot, so that by their con- 
traction they may bind the plates closely together. If an 
iron gate just shuts into its place in cold weather, expan- 
sion will prevent it shutting in warm weather. In order 
to avoid this difficulty, allowance must be made in fitting 
it for the expansion to which it will be subjected by heat. 
So in laying the rails of a railroad in cold weather care 
must be taken not to put the ends too near together. 
Nails often become loose after the lapse of years from the 
wear of the wood around them, occasioned by their alter- 
nate expansion and contraction. The leaking of gas-pipes 
in the earth is often undoubtedly caused by the loosening 
of the joints from contraction and expansion of the pipes 
by varying temperatures of the soil, especially when not 
laid very deep. If a stopper stick fast in a bottle, it can 
sometimes be loosened by applying to the neck a cloth 
dipped in hot water, because the neck becomes expanded 
at once by the heat. 

A similar expedient was once very ingeniously made use of in repairing 
the machinery of the steamer Persia at sea, and was perhaps the means of 
saving the vessel and the lives of all on board. Tlie accident which oc- 
curred was the breaking of the port crank-pin' of the engine. The prob- 
lem to be solved was the removal of this pin, which weighed nearly a ton. 
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and the aubslituliuii of a itound one wliich thej' Ijad on hand in itH [jLice. 
But it was fuuiid iiii(K)SBi1jle to start the broken pin from iia socket witU 
all the force wliith could be brongbt to henr iipon it by a Eort of battering- 
nun constracled extemporaneous!;^ fur the purpose. It wns then deter- 
mined to try the expansive forte of heat. An iron platform was built 
nuder tbe socket, and a hot fire made upon it. The socket soon expand- 
ed, nnil the pin was then readily kiiockeU out b; tbe bntleriog- ram, just ae 
the stop].'er of H bottle is eaEily temoved when the neck is heated. 

The walls of a very large buildiii"; in Paris, which had 
bulged out and were in danger of falling, were restored lo 
their upright position by the expansion of iron. It wnw 
duno in this way: 
Long rods of iron 
were run through 
the walla after the 
plan represented in 
Fig. 224, their ends 
being m-tde with a 
screw-thread, witli 
lints fitted to tliem. 
Alternate rods were 
first heated, and as 
they lengthened the 
nuts were screwed 
up tight to the 

walls. On cooling, *'** 

their contraction 



lid of course ATftw 



3 walls together. 
The other bare were then heated and managed in the same 
way. The one set, yon see, were made to hold on by their 
nnts to what had already been g^ned, while the other were 
expanding. By many i-epetitions of this process the walla 
were straightened and the bnilding saved. The same mode 
has been adopted succcBsfully in otlicr cases of a similar 
character. 

Different substances expand at different r.ites; copper 
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expands more than twice as much as glass, and zinc nearly 
twice as much as copper, with the same increase of temper- 
ature. Advantage is taken of the unequal expansion of 
metals to regulate the length of pendulums, upon which, 
as you learned in § 93, depends the correctness of time- 
keepers. Various arrangements are adopted, but that 
^ known as the gridiron pendulum is the best, in 
T which ingenious use is made of the fact that heat 
/L expands brass nearly twice as much as it does steel. 
A simple form of this pendulum is given in Fig. 225. 
The middle rod is made of brass, and the side rods, b 
and c^ of steel. Suppose that the brass rod expands 
or increases in length half an inch. The rod c would 
^^ be drawn upward by it, and the rod h down- 
^ ward, each one quarter of an inch ; but this 
V'^ effect is counteracted by the expansion of 
Pig. 225. each steel rod, which is half that of the brass 
— that is, one quarter of an inch. The ball, c?, there- 
fore, always retains the same distance from the 
point of suspension, e. Fig. 226 represents a grid- 
iron pendulum of a more complex character, part 
of the bars being steel and a part brass. 

168. Ezpansion of Liquids. — Liquids are expand- 
ed by heat to a greater degree than solids, but 
very unequally so. Thus water is expanded 
more than twice as much as mercury, and al- 
cohol six times as much. We have a frequent 
example of the expansion of water by heat in ^'s-226. 
our kitchens. If the tea-kettle be put over the lire filled 
to the brim, it will run over long before the water be- 
gins to boil. All liquids occupy more space in summer 
than in winter, and in the former case wei2:h less — that 
is, have less of real substance in them than in the latter. 
If, therefore, alcohol, or oil, or molasses be bought by the 



gallon in winter and eoM in sum- 
mer, tbei-e will be a profit afforded 
by the expansion. 

The iaflaence of the expansion of heat upon 
the epeciBc graritj of liquids maj be verj 
pretlilj shown by the following experiment : 
Throw some liiile bits of amber — a sub- 
stance having nearlj the same specifio giav- 
ity as water — into water in a glass ves- 
sel, and heat the water by a spiKt-lamp, 
es represented la Fig. £27, That ponion 
of the water which is beated passes up- 
ward because it becomes specifically lighter, 
and colder water cominoally comes down lo 
lake its place. An upwai'd current passes 
up in tbe middle, as indicated in the picture, 
the doivnwBi'd coming down at the sides. 
This will be made manifest by the lillle 
hits of amber. This expeiiment also illua- Ffe.!!!. 

tralcs the manner in which heat is transmitted in liquids by ci 
will be more fully explained in § 183, Chapter XVI, 

169. Thermometera. — The expansion of liquids by heat 
affords us a convenient means of measuring differences of 
temperature: the instrument commonly employed is called 
tt thermometer, the word being derived from two Greek 
words signifying together " beat - measurer." The form 
und general constroction of a thermometer are familiar to 
all; the liquids used for filling the bulb are alcohol and 
mercury. The latter answers well except in the extreme 
cold of the polar regions ; for mercury becomes solid at 
about 39 degrees below zero, while alcohol cannot be fw- 
zen by any known degree of cold. The manner in which 
a thermometer indicates temperatures is very simple : heat 
expands the liquid in the bulb, and the only way in which 
it can occupy more space is by rising in the tube. The 
removal of heat, on the other band, causes contraction 
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n and of course a proportionate fall of the mercurial 
column. 
100* ^^^' rahrenheifs Thermometer. — ^The thermome- 
ter was invented in the beginning of the seven- 
teenth century, but it is not decided who was the 
inventor. There may have been in this case, as in 
others, more inventors than one, the same ideas hav- 
ing, perhaps, entered several inquiring minds at the 
same time. Various fluids were used by different 
persons. Sir Isaac Newton used linseed-oil. Fahr- 
enheit, a native of Hamburg, who flourished in the 
first part of the last century, was the first to use 
mercury. Though various propositions were made 
by Newton and others in regard to the measure- 
ment of heat by thermometers, no thermometrio 
scale seems to have met with general reception 
till that of Fahrenheit, which was introduced about 
1720. His zero is the point at which the mercury 
stood in the coldest freezing mixture that he could 
make ; and he supposed that this was the greatest 
possible degree of cold, as it was the greatest that 
he knew. He next found the point at which the 
Fig. 228. niercury stood in melting ice. This he called the 
freezing-point, because the temperature is the same in 
water passing into the solid from the fluid state as 
in water passing into the fluid state from the solid. In 
other words, this point in the scale marks the transition 
line between the two states. From this point Fahrenheit 
marked off 32 equal spaces or degrees down to zero. He 
then found the point at which the mercury stands in boil- 
ing water, and called tliis the boiling-point. Marking 
off the space on the scale between this and the freezing- 
point in the same manner, there are 180 degrees — that is, 
the boiling-point is 212 degrees above zero. The degrees. 




above zero are commonly designated 
by the mark +, plus; and those beloiv 
by the mai'k — , minus. Thus, +32° 
sigiiiliea 32 degrees above zero, and 
—32° signifies 32 degrees below. 

ni. Thermometilc Scalea. — Fahr- 
enheit's thermometer is tlie one com- 
monly used in this country. Bat there 
are several other thermometers on dif- 
ferent scales, as the Centigrade, Reau- 
mur's, and De Lisle's. Fig. 229 shows 
the Ecales of these thermometers 
placed side by side. In the Centi- 
grade thermometer, which is in use in 
Fi-auce, and indeed in a large part of 
Europe, the zero is placed at the free^ 
iiig-point ; and the space between this 
and the boiling-point is divided into 
100 di'grees, which gives it the name 
Centigrade. It is also called Celsius's, 
after its inventor. Reaumur's, which 
is in use in Germany, has the same 
zero-point, but has only 80 degrees 
from this to the boiling-point. Be 
Lisle's which has gone entirely ont of 
use, has its zero at the boiiing-poinL 
In the arrangement of Fahrenheit the 
zero is a mere arbitrary point, and 
the division of the scale into 212 parts 
is very inconvenient. The Centigrade 
thermometer, on the other hand, hav- 
ing two points easily determined and 
invariable — viz., that of the freezing 
and boiling of water — having also a 
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centesimal scale, possesses great advantages for scientific 
and exact investigations over every other style. It is now 
used by scientific men almost exclusively, and is the stand- 
ard adopted in this series of works. 

The following short table may be useful for comparing temperatures 
given in Fahrenheit and Centigrade degrees : 



c. 


F. 


C. 


F. 


C. 


F. 


C. 


F. 


-20° 


-4° 


16° 


59° 


46° 


113° 


76° 


167° 


-15 


+5 


20 


68 


50 


122 


80 


176 


-JO 


+ 14 


25 


77 


65 


131 


85 


185 


-5 


+ 23 


30 


86 


60 


140 


90 


194 





32 


35 


95 


65 


149 


95 


203 


+5 


41 


40 


104 


70 


158 


100 


212 


10 


60 















For temperatures not given in the above table the following rules may 
be used: to convert degrees on Fahrenheit's scale to corresponding de- 
grees on the Centigrade scale subtract 32°, multiply the remainder by 6, 
and divide the product by 9 ; to convert Centigrade to Fahrenheit mul- 
tiply by 9, divide the product by 6, and add 32. 

112. Ezpansion in Aeriform Substances. — Heat produces 
a vastly greater expansive effect in air, the gases, and va- 
pors than it does in liquids. 
The expansion of air by heat 
may be shown very prettily in 
this way: Take a glass tube 
having a bulb on one end, 
and, placing the other open 
end in water (as represented 
in Fig. 230), apply the palm 
of your hand to the bulb. 
The heat of the hand, being 
communicated to the bulb, 
will expand the air, and 
bubbles of air will escape 




Fig. 230. 



through the water. On re- 
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moving the hand, and allowing the bulb to cool, the air 
in it will be condensed, and water will enter the tube 
in proportion to the amount of air which has escaped. A 
bladder partly filled with air will swell out to plumpness 
if heated sufficiently, and a full one may be so heated as 
to burst from the expansion of the air. Chestnut and 
other porous wood snap very much when burned, be- 
cause the heat expands the air and moisture contained 
in their pores. 

Balloons. — The first balloons used were filled with heated air. You 
have already seen, in § 129, why balloons rise. The hot>air balloon he- 
comes lighter than the surrounding atmosphere, because the contained air 
is expanded by heat. Of course such a balloon is not so effective as the 
gas balloon, for the air within it loses its comparative lightness as it be- 
comes cooled ; while the coal gas used, being very much lighter than air at 
the same temperature, does not lose its lightness as the balloon ascends. 
Yon learned in § 131 that the atmosphere becomes thinner as we go up^ 
ward. The gas balloon, therefore, rises until it arrives at that point where 
the air is of about the same specific gravity with the gas, and there it stops. 
It is made to descend by letting out some of the gas from a valve. Gas 
was not used for balloons till 1782. Hydrogen gas was employed at first, 
being over fourteen times lighter than air. Of late the common coal-gas, 
carburetted hydrogen, is generally used, because it can be so readily ob- 
tained from gas-works. 

173. Cnrrenta in the Air from Heat. — Heat is the grand 
mover of the atmosphere. Any portion of it that be^ 
comes warmer than surrounding portions rises, or ratheif 
is pushed up, for the same reason that a hot-air balloon 
rises, the only difference between the two cases being 
that in the one the air is confined, and in the other is left 
free, and so becomes diffused. And it is this expansion 
that causes nearly all the movements witnessed in the 
air. We see this exemplified in various ways wherever 
there is a fire. The air heated by the fire is forced upward 
by the colder air, which, on the principle of specific gravity, 
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seeks to get below the warmer and lighter air. The hot 
air that comes through the registers of a furnace is pushed 
up by colder air below. For the same reason the heated 

air around a stove-pipe is constantly ris- 
ing. This is very prettily shown by the 
toy represented in Fig. 231, which is a 
paper cut spirally, and suspended upon 
the point of a wire. The upward current 
makes the paper revolve rapidly around 
the wire. It is owing to the rising of heated 
air that the galleries of a church are warm- 
er than the space below. In a common 
Fig. 231. room the air is so disposed that its warm- 

est portions are above and the colder below. For this 
reason our arrangements for producing or introducing heat 
are placed at as low a point as possible. 

Chimneys. — We speak of the draught of a chimney, and we say of one 
which does not smoke tliat it draws well, as if the smoke were in some 
May actually drawn up. But the same principles apply here as those ahove 
developed. The smoke, which is a combination of heated air and gases, 
with some solid mattera in a fine state, is foj-ced up the chimney. When 
a chimney does not draw well, we open a door or a window for a little 
while until the fire is well started. This is in order that we may let denser 
air into the room, so that the smoke may be pushed up more forcibly. 
When the chimney becomes well heated there is ordinarily no difficulty^ 
because then the smoke in it is not obliged to part with much of its heat 
to the walls of the chimney, and therefore is so much lighter than the air 
in the room that it is very easily forced upward. The principal reason 
that a stove-pipe generally draws better than a chimney is that there is 
much less heat expended in establishing and maintaining the upward cur- 
rent. Especially is this true if the chimney be a large one. In such a 
case both a great extent of brick and a large body of air must be heated 
to establish an upward current.* 



* The author was once consulted in regard to a smoking stove. It was 
an open Franklin stove, the pipe of which went through a fire-board into 



HEAT. 267 

1J4. "Winda. — If you open the door of a heated room, 
the flame of a candle held near the floor will be blown 
Id ward, while one held near 
the top of the door will have 
its flame blown towards the 
cold entry. (Fig. 232.) Tiiia is 
a good illustration of tlie man- 
ner in which winds are pro- 
duced. Wherever the wind 
blows it ia caused by air push- 
ing ont of the way other air 
that is warmer, in order that it 
may, in obedience to gravitation, 
get as near the earth as possible. 
Take, for example, the land and , 
sea breezes, as they are called. Fig.gss. 

During a hot summer's day the sun heats the earth power- 
fully, while the ocean receives but little of its heat. The 
heated land heats the air above it ; and as the air over the 
ocean is cooler, and therefore heaviei', it pushes upward the 
air of the land, for the same reason that water pushes up 
oil ; and as this goes on continuously, a regular current ia es- 
tablished. The wind blows in upon the land, as represented 
in Fig. 233, while the warmer air passes upward into the 
higher regions of the atmosphere, and turns towards the 
sea. The arrows show the course of the currents. The re- 
semblance of all this to the eflect upon the candle held 
near the open door is very obvious, the cold air from with- 
out blowing in below representing the breeze from the 
ocean, and the warm air of the room blowing out above 

an enormoos chimne}'. He recommended ttuit n pipe niih n knee sli'iiild 
eiitend from the pipe of the stove a litile way up the chimney, llie expe- 
dient nas soccessfut, because but a small body of nir, that in the pipe, 
needed to be heated to eaiablish nn npwatd current. 
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representing the passage of the warm air of the land ont 
towards the ocean. At night this is apt to be revei*sed. 
The earth becomes cooled, and with it the air above. The 
result is that the cooled air of the land then pushes upward 
the warmer air of the sea, as shown in Fig. -234. 
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1 75. WiadB Allected bj tho Rotation of the Earth.— The heat 

of the vertical edd in the tropica causaa a riiie of liaated air into Ihe upper 
regions, wbilo tliere is a rush of colder air towards Ihe eqnalor from tolh 
Dortii and sonlb. Tbb effect is represented in Fig. 23r>, E being ihe sua, 



FifrSSB. "^ 

N (he norlb pole, nnS 6 the south pole. An effect simiUr to that rapro- 
sented in Figs. gSS and 2i<l is produced here, but it ia on a much largw 
wale. But the diiigrani does not present the matter in its tt^e light in all 
respects. The prevailing winds in the equatorial regions are not norili 
and south winda, as would appear from this diagram ; but they are from 
the nonheast and soulbenst. Fig. 
S3G will explain this. As (he earth 
tarns on its axis, it is plain that there 
is no part of the surface of the earth 
that moves so rapidly aa the eqiiacor, 
E W, for that mores in the largest 
circle. And the nearer yon go ti> 
either pole, N or ^ Ihe less is the 
rapidity of the revolution. How, the 
atmosphei>e partakes of the motion 
of the eaitli ; the air, therefore, at 
the equator is moving from west to 
east with ibe earth faster than any- rt-. «». 

M 
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where else, and the nearer yon go to either pole, the slower its motion. 
Hence any portion of air blowing from the north or the south towards 
the equator, and coming from a point where it was moving east slower 
than air at. the equator, would from its lesser momentum lag behind the 
air of the equator ; and the wind would be cuned towards the west, as 
indicated by the arrows. The result would be that the northern wind 
would be converted into a northeaster, and the southern into a south- 
easter. AH this can be made more clear with a globe, or, indeed, with 
any round object. 

176. Liquefaction. — The change of solids into liquids is 
one of the most noticeable effects of heat. This chancre 
requires different degrees of heat in different substances. 
Thus while iron melts at the high heat of 1530°, lead melts 
at 330°, sulphur at 115°, ice at 0°, and mercury at 39.4° be- 
low zero. Mercury is never found in a solid state, but it 
sometimes becomes solid in the arctic regions when carried 
there and exposed in the open air. We are apt to think of 
water as in a more natural state when liquid than when 
solid, just as we think of iron as naturally solid and mer- 
cury liquid. But in all these cases the state of the sub- 
stance depends on its temperature, and this is varied by 
circumstances. Water at the equator is always liquid, and 
the idea of ice there is exceedingly unnatural ; while near 
the poles it is the reverse, ice and snow reigning every- 
where throughout the whole year. 

177. Evaporation. — There are two ways in which the 
change of a liquid into a vapor occurs. One is a rapid 
change when heat is so applied as to raise the liquid to its 
boiling-point. This is commonly termed vaporization. The 
other mode is the ordinary gradual evaporation which goes 
on from the surface of the liquid. This process is going on 
continuously, not requiring any particular degree of heat, 
but occurring under all degrees of the temperature of a 
liquid. Its rapidity, however, is in proportion to the de- 
gree of iieat, as may be seen by the rise of vapor from 
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heated water long before it begins to boil. The same 
thing can also be seen on a bright summer's morning, 
when the heat of the sun causes the moisture gathered 
from rain or dew to rise so abundantly /rom fences, boards, 
and roofs as to be visible like smoke. 

178. MoiBtare in the AtmoBphere. — Evaporation is con- 
stantly going on from every wet surface, except when the 
air is so loaded with moisture that it can take up no more^ 
The vapor is not ordinarily visible, the particles of water 
passing quietly upward among those of the air, being min- 
gled with the air just as some liquids mix with water. It 
becomes visible only when so much of it rises tliat the 
mixture of water and air is not readily effected. The read- 
iness with which this takes place depends much upon the 
temperature of the atmosphere. Some very common phe- 
nomena illustrate this. In a very cold day tlie breath of 
animals, as it comes out of the mouth, seems to be load- 
ed with moisture. Why ? It is not because it contains 
more moisture than in warm weather, but because cold air 
condenses the aeriform water and renders it visible in mi- 
nute drops. The same explanation applies to the smoking 
of wet fences and roofs in the sun of a summer's morning. 
The moisture is heated by the sun, but the air, not having 
become very warm as yet, cannot readily convert into va- 
por all the moisture that rises. The phenomenpn is not 
apt to occur when the hot sun shines after a shower at 
midday or in the afternoon, because then the air is warm 
enough to take up all the moisture present. 

179. Clouds. — The water which rises in the air by evap- 
oration is variously disposed of. Some of it is deposited 
as dew or frost.. Some of it forms fofj. Some of it also 
mounts far upward and forms the clouds, which are real- 
ly collections of fog high up in the air. In" fog and in 
clouds the water which in its evaporation is invisible be- 
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conies visible. Let us see bow tbis is. The atmospbere al- 
ways contains more or less water, but tbe particles are so 
minutely divided and so thoroughly mingled with the parti- 
cles of the air that they cannot be seen. But in a fog or 
cloud the particles of water are gathered together in little 
clusters, as we may express it. And it is supposed, some 
think ascertained, that each of these clusters of particles 
is globular and hollow. If so, then we may regard every 
cloud as a vast collection of minute bubbles or balloons 
careering through the air. 

Shapes of Clouds, — Clouds assume a very great variety of 
shapes, the causes of which are for the most part not under- 
stood. They are generally divided into four classes : cir- 
rus^ cumvluSy stratus, and nimbus. Besides these there are 
several intermediate forms known as cirro-cumulus, cirro- 
stratus, and cumulo- stratus. All these forms except the 
nimbus are shown in the full-page engraving Fig. 237 ; the 
cirrus being marked by one bird, the cirro-cumulus by two, 
the cirro-stratus by three, the cumulus by four, the cumulo* 
stratus by five, and the stratus by six. 

The drrus is a light, fleecy cloud, having graceful curves 
like curls, and hence its name, which is the Latin word for 
curl. Such clouds are commonly very high up in the air. 
It is the first cloud to appear after a period of fine weather, 
its delicate, waving, and thread-like forms stretching across 
the blue sky like pencilled lines of white. Although this 
cloud appears so light and airy, it is probably composed of 
minute masses of ice, for at the enormous distance at which 
it floats along the earth the temperature is very low even 
in summer. 

The cumulus appears as heaps rounded upward, often 
looking like mountains of snow when they are illuminated 
by the sun. The name is derived from the Latin for lieap. 
In Fig. 237 this form is marked by four birds. It is a cloud 
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of dense Btriictiire, and forma and floats in the lower re- 
gions of the atmosphere. It has been called the "cloud of 
day," being produced in the daytime by the currents of 
moist warm air rising froni'the heated earth. 

The stratus, from the Latin for a layer, is marked by six 
birds. Clouds of this form lie low in the horizon, stretclied 
along like a sheet. It has been called the "cloud of night," 
because it usually forms towards nightfall, grows denser 
during the night, and is dissipated shortly after snnrise. 
It is caused by the vnpors that rise during the day, and 
descend at evening with the falling teniperiiturc. 

The nimbus, or rain-cloud, is represented in Fig, 238; it 



Fig-iSB. 

has a uniform gray or dark color. This form of cloud is 
also called tlie cu>nulo-ciiro-stratus, a name suggesting the 
way in which it is formed, being a combination of the three 
named, 

Tlie remnining complex Einm we need only briefiy noiice : the r.lrro~cii- 
wulua (nmvkeil by two biiJs, Fi;r. 237) is cnmrnonly cnlled Ihe " mnckerel- 
nky," and is regaideil ns n qaite sure indieation of approacliing rain. The cu- 
mulo-tlralas (five birds) is formed of small fleecy clouds sDrrounding the cu- 
mulus, and often precedes n storm ; tliisfonn is Hometimes called '■ ihiinder- 
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heads." The cirro^tratus (three birds) is safficiently explained by the en- 
graving. 

Water is gathered into clouds undoubtedly, in part at least, through 
the influence of attraction. But what circumstances cause these vari- 
ous shapes is not known. Whatever they are, their influence is some- 
times very extensive, giving a similar shape to all the clouds covering the 
whole, arch of the heavens ; and at other times they . operate variously 
in difi^erent localities, producing diflerent shapes, sometimes even quite 
near eaoh other. Sometimes the edge, of a cloud is irregular, or curved, 
or feathery; and at others it is a well-defined line, stretching along over 
a large portion of the horizon. In all these cases we have only divers ar- 
rangements of the same thing — a collection of vesicles of water contain- 
ing air, which is made lighter than the air outside of the cloud by means 
which we shall explain in the next chapter. 

180. Rain, Snow, and Hail. — When it rains, the vesicles 
or minute bubbles of which the clouds are composed are 
broken up, and each drop of rain contains the water 
from a multitude of these vesicles. But let us see ex- 
actly how this result is produced. Rain results from the 
contraction Of the clouds by cold. A cold current of air 
coming in contact with a cloud will condense its bubbles 
into drops, and these, of course, will fall. The same result 
occurs if a cloud passes into a cold stratum of air. The 
first effect of cold upon the bubbles may be made clear by 
Fig. 239. If a bubble be contracted by the influence of 
cold, the water of its wall being made thicker, 
gravitation will cause a gathering at the lower 
part, as represented by the dotted line. You 
often see a similar effect in the soap-bubble; 
it rises filled with warm air from your lungs, 
and as it ascends is contracted by the colder Fig. 239. 
air around it. • This contraction makes the water hanff from 
the bottom. And as the soap-bubble at length bursts in the 
air from the w^eight of this water, so it is with the vesicles 
in the cloud. And many of these, united together by attrac- 
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tion, form a drop. When the cold is sufficiently severe, it 
makes the water of the ruptured vesicles of a cloud ar- 
range itself in snow-crystals instead of drops. And when 
cold acts with great rapidity upon a cloud, it presses the 
particles of water together so suddenly that there is no 
time for them to assume a crystalline arrangement, and 
hail is formed. 

181. Vaporization. — The production of vapor by boiling 
differs in some respects from quiet evaporation. Here the 
liquid is raised in temperature to its boiling-point, and the 
formation of vapor is not confined to the surface. The 
liquid boils when the small bubbles of aeriform matter, 
forming at the bottom of the vessel, rise to the surface and 
thereby keep the liquid in a state of agitation. The tem- 
perature at which liquids boil varies for each; thus the 
boiling-point of water is 100° Centigrade (or 212° Fahren- 
heit), that of alcohol 78.4°, that of ether 35°, that of oil 
of turpentine 165°, and that of mercury 360° Centigrade. 

The temperature at which a given liquid boils depends 
upon the amount of heat which it requires to overcome 
both the natural attraction of its particles and the com- 
pressing force of the atmosphere. Pressure restrains the 
production of vapor, whether it be formed by evaporation 
or vaporization. "We know by experiments with the air- 
pump that the less the pressure of air upon the surface of a 
liquid, the more rapidly will evaporation go oil. We have 
already mentioned the influence of pressure upon the boiling 
of liquids in § 142; we will give here a few additional il- 
lustrations. Ether boils when heated to 35°, about one 
and a half degrees below the heat of the blood in our bodies. 
If we place some of it in a vessel under the receiver of an 
air-pump, by exhausting the air we can so lower the press- 
ure that the ether will boil at the ordinary temperature of 
the air in a room. 
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Tlie resti-aint of pvessui-e upon boiling ia very strikingly 
shown in the diffester,¥\}^.2iO. Tliis is a strong boiler, partly 
filled with water. A ther- 
mometer to indicate tliu. 
temperature of the water 
may be inserted into mer- 
eury contained in the nar- 
row cup, a. Let, now, the ^ 
boilerbe heated till the wa- 
ter boils, the air being left 
to escape by the stop-cock. 
If the stop-cock be shut 
and we continue to apply 
the heat, we can raise the 
water to a very high tem- 
perature without its boil- 
ing, because of the press- 
ure of the condensed steam Fig.s*). 
upon its surface. To guard against the danger of explo- 
sion a safety-valve ia provided, having a weight upon it 
which will keep it shut nntH a certain amount of pressure 
accumulates, and then it is forced open, letting out some 
of the steam. An appai-atua aomewhat after this plan, 
called PapirCs dige»ter, has sometimes been used in cooking. 
The great heat to which water can thns be raised causes 
it to extract the nutritious matter from bonee and carti- 
lages, affoi'ding material for soup fioni that which is com- 
monly thrown away. 

Biatillation is a proceaa whereby a liquid converted into 
vapor is again condensed into a liquid by cooling it in a 
suitable apparatus. The manner of conducting the o|icr;:- 
tion, and its application to the purification of substances ami 
the separation of liquids possessing different boiling-points, 
will be explained in Part II. of this series — Chemistry. 
M 2 
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182. Steam. — ^The cloud of steam, so called, which you 
often see escaping from a locomotive is not really steam. 
Steam is transparent and invisible. This may be rendered 
evident by watching the spout oJ*a tea-kettle whence steam 
is issuing. For the space of an inch or so from the end of 
the spout nothing is visible ; but, at a greater distance, the 
steam coming in contact with the cooler surrounding air is 
condensed to water, and this mixture of water-drops and 
steam is plainly seen. 

The Steam ' Engine, — ^It has been shown in § 138 that 
compressed air, in an air-gun for instance, possesses 
great power by virtue of its elasticity. Compressed 
steam in like manner exerts enormous force, constituting, 
in fact, tlie motive power of the steam-engine. This 
machine, complex as it appears to the casual observer, is 
not so difficult of comprehension as supposed by many; 
and, t)r. Arnott justly retnarks, any one " who can under- 
stand a common pump may understand a steam-engine." 
It is, in fact, only a pump in which the fluid drives the 
piston instead of the piston impelling the fluid; in other 
words, the fluid passing through the cylinder acts as the 
power in the steam-engine and as the resistance in the 
pump. We cannot, in this elementary work, enter upon an 
elaborate description of the steam-engine ; bnt we wish to 
show you the source of the power in this wonderful inven- 
tion, and for this purpose shall consider only the simplest 
form. 

The steam is generated in a boiler, having, like the boiler 
of Papin's digester,, a valve with a weight attached to it. 
This valve is called a safety-valve, because when the steam 
has reached a certain degree of condensation it lifts the 
valve, and, as some of the steam escapes, such an increase 
of pressure as would occasion an explosion is prevented. 
The expansive force of steam in a boiler is estimated in 



HBAT, 



279 



J 



pounds on the weight of the valve, and hence the common 
expression that there are so many " pounds of steam " on. 
But the boiler is only the gej^erator of steam, and it re- 
mains to show how the steam is used in moving machinery. 
This is done by allowing the steam to pass from the boiler 
into a cylinder, in which it moves a piston back and forth by 
its expansive force. The manner in which this is done may 
be made clear by the diagram, Fig. 241. Let e be a piston 
in a cylinder,/, which has four openings, a, 5, c, 
and d. Each of these is provided with a valve, 
not shown in the diagram. The steam is sup- 
plied from the boiler to the cylinder through a 
and <?, and makes its escape from h and d. Sup- 
pose, now, the piston be near the bottom of the 
cylinder, as represented. The valve at a is opened 
that steam may enter to push up the piston, and f 
the valve at h shuts that the steam may not es- 
cape. At tlie same time, in order that the pressure 
may be removed from the upper surface of the 
piston, the valve d opens that the steam may es- 
cape, and c shuts that none may enter. When the 
piston is to be forced downward, all this is re- 
versed — c opens to admit the steam, c? shuts to pre- 
vent its escaping; and below, h is opened to let the steam 
escape, and a is shut' to prevent any from entering. This 
is the plan of what is called the high-pressure engine. The 
low-pressure engine differs from it in causing the steam, as 
it escapes from the cylinder, to pass into water to be con- 
densed. The latter requires less pressure of steam to work 
it, and is therefore the safest. The manner in which the 
motion of the piston is made to drive various kinds of ma- 
chinery cannot be here explained. 



Fig. 241. 
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QUESTIONS. 

1G4. Describe the e;cpcrimeiit with the three vessels of water, and the in- 
ference from it. What other fact? sustain this inference? How did Sir 
Ilamphiy Davy prove that ice contains heat? — 165. What are the two 
theories of heat? What is said of Count Humford and his experiment? Give 
examples of the conversion of motion into heat. — 1G6. What is the chief 
source of heat for the earth ? What is said of the lieat of the sun itself? 
What is said of the universal influence of the heat of the sun on the earth ? 
What of the heat supplied from within the earth itself? What is stiid of 
chemical action as a source of heat? Give examples of the i)roductioii 
of heat hy mechanical action. — IG7. Show the expansive influence of heat 
by describing the experiment with a bar of iron. Give familiar examples 
of this expansion. How can you loosen a stopper stuck fast in a bottle? 
Give the anecdote about the Persia. Give the statement about the build- 
ing in Paris. Explain how the unequal expansion of metals I'egulates the 
length of pendulums. What is a gridiron pendulum? — 168. What is said 
of the expansion of liquids by heat? How may the influence of this ex- 
pansion upon specific gravity be shown? — 169. What is said of thermom- 
etere ? — 170. What of the invention of the thermometer? Explain the grad- 
uation of Fahrenheit's tiiermometer. — 171. Give the plans of other ther- 
mometers. Why is C'elsins 8 thermometer, on the whole, the best? Show 
how to convert degrees of one scale into those of another. — 172. What is 
said of the expansion of gases by heat? Describe experiments in illustra- 
tion. What is said of balloons? — 173. What of the influence of heat on 
the atmosphere? Give examples of this influence. In heating apart- 
ments, why is heat introduced at as low a place as possible? Explain the 
draught of a chimney. Why does a stove-pipe generally draw better than 
a chimney? — 174. Describe the experiment with the candle and the door. 
What is the explanation of the occurrence of wind ? Explain the land 
breeze. Explain the sea breeze. — 175. How are winds afi^ected by the 
Kotation of the earth ? Show why the prevailing winds at the equator 
are northeast and southeast. — 1 76. Mention the melting-points of various 
substances. What is said about the natural state of water and other sub- 
stances? — 177. What are the two modes of changing a liquid into vapor? 
What is said of the rapidity of evaporation ? — 178. What is said of moist- 
ure in the atmosphere ? . What influence has heat upon the moisture of 
the air? What phenomena illustrate this? — 179. What becomes of the 
water that rises in the air? What is said of the formation of fog and of 
clouds ? Mention the different sliapes of clouds and their names. What 
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is said of the inflaences that give shape to clouds? — 180. State how rain 
is produced, and explain Fig. 239. How are snow and hail formed ? — 
181. What is said of vaporization? What influence has pressure upon 
the formation of vapor? Describe the experiment with ether in illus- 
tration. Describe the apparatus represented in Fig. 240. What is said 
of Fapin's digester? What is distillation? — 182. What is said of steam? 
In what consists the power of the steam-engine ? How is the expansive 
force of the steam in the boiler estimated ? Describe the manner in which 
8te:im moves a piston within a cylinder. What is the difference between 
high and low pressure engines ? 



CHAPTER XVI. 

HEAT (continued). 

183. Communication of Heat. — Heat has a constant ten- 
dency to an equilibrium. If, therefore, any warm substance 
be in the neighborhood of a cooler one, heat passes from 
the former to the latter. This communication of heat oc- 
curs in three different ways, called convection, conduction, 
and radiation. "We will speak of each of these separately. 

Convection, — ^This mode of diffusion of heat operates in 
those substances that are mobile — viz., liquids and aeriform 
substances. We have already alluded to examples of this 
mode in speaking of the movements which heat causes in 
these substances. The heat accompanies the particles which 
are moved, or is conveyed along with them, and hence the 
term convection.* In this movement the heated particles 
always ascend, for tlie reason given in § 168. Of the multi- 
tude of examples of convection we will present but a few. 

The upward current about a stove-pipe funiishes an example of convec- 
tion, the heat generated being carried upward by the particles of this cur- 
rent. This being so, the heat of a stove has no effect upon the air below 
it by convection, though it does by radiation, as you will soon learn. Any 
hot fluid becomes cool chiefly by convection. The air coming in contact 
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with it, taking' some of its heat, rises, and other air becomes heated in turn, 
and so on till the fluid becomes of the same temperature as the air, and 
then the currents of air cease. Tlie liquid cools more rapidly by stirring 
it, because the air is brought into contact with n greater extent of surface, 
and so the heat is conveyed away more rapidly. The result is the same 
whether we disturb the surface by stirring it or by blowing upon it. In 
the latter case, however, the effect is increased by causing the air to come 
more rapidly upon the disturbed surface. Thus in funning, it is the rapidity 
with wliich the air is brought in contact with the surface of the body that 
causes the more rapid convection of heat from it. Every one must have 
obseiTed the fact that a buckwheat cake cools much more quickly than a 
flour or lice cake. It is because it contains so many pores and little projec- 
tions, and presents a mucli larger surface to the heat-conveying air than 
the smoother and more solid cakes. Viscid fluids, such as molasses, oil, 
chocolate with milk, etc., when heated do not cool so readily as water, be^ 
cause their particles are not so mobile, and therefore heat is not conveyed 
80 rapidly upward. 

184. Conduddon. — In this mode of diffusion the heat 
passes through or among the particles of substances. For 
example, if one end of a bar of iron be held in the fire, 
it travels through or along the particles to the other end. 
The gradual progress of the heat may be seen by the follow- 
ing simple experiment: Take a rod of iron and attach to it 
some little balls of wood by means of wax. By heating one 
end with a lamp the balls will drop one after another, as the 
heat passing along melts the wax which holds them. By 
making this experiment with two rods of different metals, 
as shown in Fig. 242, you will observe that heat does not 
travel through them at the same rate. {§ 185.) 
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Fig. 242. 



1 85. Coaduotor* and Jrou-Coudactors. — Heat is conducted 
more rapidly through some substances thaa tlirougli others: 
in this respect there is great vaiiety. That this is tlie caxe, 
even among those which are reck- 
oned good conduetoi's, Is shown 
by the expei'iment represented in 
Fig. 243. Cones of the same eizu 
made of seven different substances 
— copper, iron, zinc, tin, lead, mar- 
ble, and brick — each tipped with a 
little wax, arc placed on a stove. | 
The wax will melt on the copper 
cone first, showing that this is the 
best conductor of all ; and on the 
brick one last, showing that this la '^' ' 

the poorest conductor. The conducting powei-s of tlie rest 
are according to the order in which wo have mentioned them. 

Another v/ny of making tlijs comparison is to substitote Bmall pierea of 
phosplionn for (lie ivax, eacli piece (aliing fire, hdJ burning witli n brilliant 
flume mid while smolie as it becomes Biiffitiently healed by llie condiict- 
ing ]ioiver of ibe metallic cone. Cnre sbimlit be inkeii in esiperimeniing 
with phosphorus leat it bo ignited bv the WHrnilh of ibe fingers, and inflict 
very serious bums. The best pinn is to cut it under u'ater, and to use twy 
amull pieces. 

Those substances which allow heat to pass through them 
very slowly are called non-conductors. The term, thoiigli 
convenient, is not strictly correct, for there are no sub- 
stances which do not conduct heat in some degree. Wood 
is one of these poor conductors, and hence wooden handles 
are put upon various instruments and vessels used aboct 
fires, such as the soldering-irons of the tin-man, the metal- 
lic teapot, etc. Since cloth is a non-conductor, a cloth 
holder is used in taking off the ten-kettle, and in using the 
flat-iron. Glass is so poor a conductor that if x*"' ho'<^ * 
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glass rod 01- tube in the flame of a &pii'it-lamp or gas- 
burner, and heat it even to redness, you can place your 
fingers comparatively near to the heated portion with im- 
punity. We had occasion recently to bend a amall glass 
tube in this way, and we observed some water in it 
quite near the lieated part, which retuained undisturbed 
through tlie process. It is the iion-couduuling quality o£ 
glass that makes thick pieces so liable to break when ex- 
posed to any sudden change of temperature. For csample, 
if hot water be poui-ed into a thiuk glass vessel, the inner 
sui-face is quickly expanded ; but the outer surface does 
not expand so i-apidly because the heat is not readily 
conducted thraugh, and this irregulanty in expansion 
causes a fractuie. It is for this reason that the flasks, re- 
torts, etc., used by chemists are made very thin, especially 
where heat is to be ap- 
plied, 

188. Dstvy'a Safety- 
Idmp. — One of the 
most beautiful applica- 
tions of the conduction 
of heat is found in the 
safety-lamp of Sir Hum- 
phry Davy, an inven- 
tion which has been 
the means of saving the 
lives of mnltilndes of mi- 
nei-s. It is represented 
in Fig. 244, which pre- 
sents a sectional and an 
external view. The bot- 
tom part contains the oil 
in which the wick lies 
Fig-iM. coiled; whenlighted,the 
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flame is entirely surrounded by wire gauze, as shown in 
the engravings. With this lamp one can safely go into 
deep mines containing the most explosive gases. All that 
prevents the flame within from setting on Are the gases 
without is the cylinder of wire gauze. This, being a 
good conductor, carries off the heat of the flame within so 
rapidly that it cannot go through the openings as flame^ 
and so does not set fire to the gas without. The facts 
upon which the construction of this lamp was based were 
discovered by trying many experiments. Among them 
were the following : A piece of wire gauze was held over a 
candle so that its flame struck a^cainst it. The smoke is- 
sued above, but no flame. Then a stream of gas was al- 
lowed to pass through the gauze, as shown 
in Fig. 245, and was set on fire above. It 
burned without inflaming the gas below. 
Tliis proved that flame cannot pass through 
wire gauze, provided the meshes are not 
too large. The safety-lamp burns well in 
pure air; but, when dangerous gases accu- 
mulate in the mines, the flame is extin- 
guished, and this serves as a warning to Fig. 245. 
the miner. The terrific explosions constantly occurring in 
coal-mines in England and in Pennsylvania are usually the 
result of gross carelessness on the part of the miners ; they 
open the lamp to light a pipe, or strike a match for some 
purpose, instantly igniting the explosive gases. Of the 
nature of these gases you will learn fully in Part II. of 
this series of works.* 




* As in the case of many other inventions, the same idea was originated 
and put to practical use by more minds than one. George Stephenson, who 
from being a common engine-wright in a colliery rose step by step till he in- 
vented the locomotive, constructed a lamp which ilhistrates in another way 
the same principle— in other words, he invented another safety-lamp. But 
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187. Relation of Density to Conduction. — Generally, the 
more dense a substance, the better its conduction of heat. 
Thus metals are better conductors than wood, marble than 
brick, solids than liquids, and liquids than aeriform sub- 
stances. A good illustration of the difference in conduct- 
ing power of stone and brick is seen in the melting of snow 
on sidewalks. If a light snow fall in the spring, after the 
earth has become somewhat warm, it will melt on the stone 
walks much sooner than on the brick ones. This will be 
the case especially if the snow be melted chiefly by the 
warm til of the earth without the agency of the sun. The 
explanation is obvious. The stone is a better conductor 
than the brick, and therefore the heat of the earth comes up 
tlirough the former more rapidly than through the latter. 

You must not suppose, however, that, the conducting 
power of the metals is directly proportioned to their den- 
sity ; platinum is much denser than silver, but has only one 
twelfth its power of conducting heat. The relative posi- 
tion of the metals in this respect is shown in the follow- 
ing table, the figures giving the approximate conductivity 
compared with silver taken as a standard: 



Silver 100.0 

Copper 77.6 

Gold 63.2 

Brass 23.6 

Zinc 19.0 

Tin 14.6 



Iron 11.9 

Steel ,.. 11.6 

Lead 8.5 

Platinum 8.4 

Palladium ... i 6.3 

Bismuth 1.8 



this does not in the least detract from the gloiy which the invention has 
given to the name of Davy, for each acted independently. In Davy's case, 
it is to be remarked, there was a long course of scientific reasoning and in- 
vestigation which led him at length to the invention, the record of which 
is exceedingly interesting. No invention or discovery is made without 
thought, though accident may suggest the thought ; but here is an inven- 
tion which, witliout any suggestion by accident, was evolved by laborious 
and long-continued thought, proceeding step by step to its conclusion. 
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188. Condnctlon In Liquids. — ^That liquids are poor con- 
dnctora of heat may be sliown by a simple expcviniGnf: 
Place a few pieces of ice at tbe bottom of a test-tube (a 
thin glass tube closed at one end), and add water until 
nearly full. By beating the upper portion of tbe tube 
carefully, the water may be boiled without a particle of 
the ice melting in the bottom. The stand for holding the 
tube in this esperiment is shown in Fig. 246. 



If the heat were applied at the lower part of the tube, 
,iie ice would melt, and then the heat would be diffused by 



189. Air Eu a Non-Condnctor. — Heat is rapidly diffused 
in air by convection ; but this takes place only when 
the air is free. When the air is confined in spaces or 
pores, or among fibres, heat makes its way through it very 
slowly, for then it can be diffused through it only by eon- 
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duction. The variety of ways in which air is of service to 
us as a non-conductor is almost endless. We will notice 
some of them. 

Double Windows. — The eflBcacy of double mndows depends upon the 
air imprisoned between them. In the case of the single window a great 
deal of the heat inside is lost in this way : The warm air, of the room, 
coming in contact with the window, imparts to it some of its heat, and, be- 
ing thus cooled and therefore condensed, passes downward. As this pix)c- 
ess goes on continually, this downward current along the window is con- 
stant. The current outside is in the opposite direction. The heat imparted 
to the window is taken up by the cold air, and thus becoming warmer, 
it passes upward. And this upward current outside is as constant as the 
downward current inside. Now nearly all this is prevented by the non- 
conducting quality of confined air in the case of double windows. If a 
pane were removed from the upper part of the inner window, and another 
from its lower part, the inner window would be of little use, for then the 
heat of the air in the room would be continually diminished by convection, 
as if tlie window were single. The warm air would pass in at the upper 
opening, and, being cooled, pass down through the lower one.* 

190. Air as a Non-Conductor in the Walls of Buildings. — 
The spaces included between the outer wall of a building 
and the plastering inside, being filled with imprisoned air, 
prevent the heat of the air in the apartments from passing 
readily through the wall. A house built of brick or stone, 
with the plastei'ing placed directly upon the wall, would 
be kept warm with greater difficulty in winter, because the 
solid wall would more readily carry off the heat to the 
external air. For a similar reason, such a house would be 
very warm in summer, because the heat of the sun and of 



*■ The author once adopted a contrivance for a small conservatoiy, which 
he wished to keep warm from the heat cf an adjoining room. In each 
space of the window-frames were inserted two panes of glass, leaving near- 
ly half an inch of space between them. In this way nearly all the benefit 
of double windows was secured, with less expense and a less cumbrous ar^ 
rangement. 
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the extenial air would be so rapidly communicated to the 
air of the house. In this connection we may mention a con- 
trivance to prevent the spreading of fires in blocks of build- 
ings, which, though very effectual, is seldom used, partly 
because it occasions some trouble and expense, and partly 
because it takes up a little room : A small space is left in 
the division wall between two adjoining houses extending 
from top to bottom, and containing, of course, a body of 
imprisoned air. With such an arrangement the interior 
of one house may be entirely consumed without transmit- 
ting sufficient heat through the imprisoned air to fire the 
other. 

191. FuTp Hair, and Feathexs. — ^Animals living in cold cli- 
mates are provided with suitable coverings for their pro- 
tection. Quadrupeds, for example, are covered with fur, 
and birds have an abundance of downy feathers. These 
coverings have no warmth in themselves, though in common 
language we speak of them as being warm. They are simply 
non-conductors, and prevent the heat generated in the body 
of the animal from escaping as fast as it otherwise would. 
But why are they non-conductora ? It is partly because 
the substance of which they are made is a non-conductor, 
and partly because that great non-conductor, air, is impris- 
oned among their numberless fibres. But if the fur or down 
were compressed into a thin hard plate upon the animal, 
it would prove of far less service as a protection against 
cold. Down is much more abundant on the birds of cold 
climates than on those in warmer regions, because more air 
can be confined among the fibres of down than among those 
of common feathers. Quadrupeds that are natives of wai*m 
climates generally have hair instead of fur. When, there- 
fore, the horse is taken to a cold climate, he requires in win- 
ter the protection of a blanket ; and the ox needs, under the 
same circumstances, to be better housed. The elephant be- 
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ing a native of a very warm climate, has scanty and coni'se 
hairs. Formerly there were elephants in the cold regions 
of Siberia, as has been ascertained by remains found there. 
But the elephant of Sibena had under its hair, close to the 
skin, a fine wool to serve as a protection against the cold. 
Animals living in cold climates are provided with cover- 
ings liner in fibre in the cold season of the year, to give 
them the additional protection which they then need. And 
when animals with a furry covering are carried into a warm 
climate, their fur becomes coarse, and approximates the 
condition of hair. 

192. Clothing. — Man has no covering to guard hira 
against cold, because he is capable of contriving clothing 
suitable to the various degrees of temperature to which he 
may be exposed. The object of clothing is not to make the 
body warm, but to keep it so. The heat of the body i» 
c-ontinunlly generated within itself, and under all circum- 
stances lliis heat is maintained quite uniformly at 98° Fahr- 
enheit (86.6° Centigrade). This is a much higher degree 
than that ordinarily possessed by the atmosphere. We are 
all the time, then, giving off heat to the air around us, ex- 
cept when the air gets up to 98°. We are comfortable only 
when we are giving off heat to a considerable amount, for 
the point of temperature which is most agreeable when we 
are at rest is 70° Fahrenheit (21° Centigrade), or a little 
less — that is, 28° Fahrenheit (or 15.6° Centigrade) lower — 
than the temperature of our bodies. When the tempera- 
ture is below this we need extra clothini?. In makins: 
choice of clothing for various degrees of temperature we 
practically apply the principles just developed. Those ai*- 
ticles of clothing which can confine or entangle, as we may 
say, the largest quantity of air among their fibres are the 
best non-conductors, or, in common language, are the warm- 
est. And loose clothing is warmer than tight, on account 
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of the amount of air between the clothing and the body. 
Thus a loose glove is much warmer than a tight one. Tlie 
same general fact is illustrated by the coverings of straw 
placed around tender trees and shrubs in winter. It is the 
air confined in the tubes of the straw which makes these 
coverings so effective a protection. 

Cocoons. — Many insects pass through their pupa or transition state in 
cocoons. When this is done during wann weather, as in the case of the 
silk-worm, the' cocoon is simple. But Avhen the pupa state lasts through 
the winter special provisions are made in the arrangements of the cocoon 
to guard the. insect against the cold. We will cite as an example the 
cocoon of one of our largest moths, the Cecropia. This cocoon, fastened 
to some shrub, keeps its inmate secure from the rigors of the winter by a 
veiy beautiful arrangement. The real cocoon is similar to that of the silk- 
worm ; but it has a veiy dense air-tight outer covering, and the space be- 
tween these two coverings of the pupa is filled with a loose substance, 
which acts the part of a blanket for the insect. 

193. Buds of Plants in Winter. — In the latter part of 
summer buds are formed on trees and shrubs, and these 
contain the germs of the branches, leaves, and flowers which 
are to come out the next year. These, of course, must be 
guarded against the cold of winter, and it is done very much 
as the pupa is guarded in the cocoon. Each bud has an 
air-tight covering of scales inside of which is a soft downy 
substance, the blanketing of the bud. In these coverings, 
which have been called by some one the "winter-cradles" 
of the buds, the infant vegetation of another year rocks 
back and forth in the wintry winds secure from the cold, 
till the warm sun of spring wakes its hidden life into ac- 
tivity. 

Snow a Protection to Plants. — Snow acts as a good blanket to the 
earth, keeping its warmth from escaping into the cold air. This is because 
it contains a quantity of air mingled with its feathery crystnls. If snow 
fall early, before the ground and the plants in it have become frozen, it 
will keep them froiy freezing through the winter, provided it remain d«ir- 
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ing all that time. It is curious to obsen^e the peculiar arrangement'of the 
snow in the arctic regions for the preservation of vegetation. First in the 
autumn come soft light snows covering up the grasses and heaths and 
willows. Then, as winter advances, on top of these are laid the denser 
snows, making a compact, stout roof over the lighter snows in which the 
seanty but precious vegetation of those regions is imbedded. On top of 
this roof are deposited the snows of spring. As 'these melt the water runs 
off from the icy roof down the slopes, leaving untouched the plants under- 
neath, which lie there alike secure from the rush of wntera and from the 
nightly frosts until the season is sufficiently advanced to bring them with 
safety out from their concealment. Then the icy roof melts, and with it 
the light snows that have so long encircled the plants, and the sun wakes 
them from their long sleep to a new life. 

194. Influence of the Conduction of Heat on Sensation. — 
If you place your hand upon fur hanging at the door of a 
fur-store, it does not feel so cold as the wood from which it 
hangs, and the wood does not feel so cold as the iron bar 
of the shutter close by. Why is this, when these sub- 
stances ai*e exposed to the same atmosphere, and really 
have the same temperature? It is because the iron con- 
ducts the heat from your hand more readily than the wood, 
and the wood more readily than the fur. For a similar 
reason the iron handle of a wooden pump feels colder than 
the pump, and the pump colder than the snow around it ; 
and the rug or the carpet in a cold room will not feel so 
cold as the poker and the hearth. If water has stood long 
enough in a room to acquire the same temperature as the 
air, your hand will feel colder in the water than in the air, 
because the water is the better conductor. So much for 
the sensation of cold. On the other hand, heated sub- 
stances which are good conductors convey the sensation of 
heat, while non-conductors do not. As they receive heat 
readily, they also readily impart it. For this reason, with 
a brisk fire the hearth-stone feels very hot, while the rug 
before the fire does not. 
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195. Radiation of Heat. — Every substance constantly sends 
heat into space in straight lines in every direction. These 
lines are radii, and hence the term radiation is applied to 
heat diffused in this way. As explained in § 165, the trans- 
fer of he«at through space is effected by the imponderable 
fluid called ether. That the sun radiates heat in all direc- 
tions is very obvious. The same can be perceived in the 
case of a heated iron ball. In whatever direction you 
hold your hand, above, below, or laterally, you feel the 
heat. And it makes no difference whether the ball be 
red-hot or not. That is, heat is radiated either with or 
without light. When a room is warmed by a furnace, it is 
warmed altogether by convection ; but when it is warmed 
by a fire, either in a fireplace or a stove, we have both con- 
vection and radiation. The heat which we receive from 
the sun comes altogether by radiation ; it travels earth- 
ward with about the same velocity as light. When radi- 
ant heat passes through air, through glass lenses, or any 
other medium, they are not warmed by it. The intensity 
of radiant heat decreases as the square of the distance from 
the source — a law which we have several times explained, 
first with respect to attraction, and secondly as to sound. 
"Now, this law holds good also for light; and this fact, to- 
gether with the others just mentioned, has led philosophers 
to the conclusion that heat and light are merely different 
manifestations of the same force. In fact, both are effects 
of motion (§ 165). All surfaces that radiate will absorb 
equally well the heat radiated upon them. All rough 
and dark surfaces both absorb and radiate freely; but all 
light-colored and polished surfaces do both slowly. For 
this reason the black, rough tea-kettle is well fitted to heat 
water in ; but it is not fitted to retain the heat in the wa- 
ter. On the other hand, the bright, polished teapot ab- 
sorbs heat poorly, but retains it well. 

N 
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196. Reflection of Heat. — Radiant heat is reflected from 
polished surfaces, and, as in the case of motion and of 
sound, 8 155, the anorles of incidence and reflection are 
equal. Some interesting experiments in relation to the re- 
flection of heat can be tried with concave metallic mirrors. 
Thus, if we take two such mirrors, Fig. 247, and place in 
the focus of one a thermometer and in the focus of the 
other a small flask of hot water, or a heated iron ball, the 
mercury in the thermometer will rise, although the mirrors 
may be many feet apart. Observe how the effect is pro- 
duced. Rays of heat pass from the flask directly towards 
the thermometer, as represented by the lines in the figure ; 
but that the effect is not produced by these can be proved 
by removing the mirrors, leaving the flask and thermome- 
ter in the same positions. When the experiment is tried 
in this way, no effect is produced on the thermometer, be- 
cause it is too far from the source of heat, the flask, to re- 
ceive any perceptible influence in this way. The effect 
comes from the rays of heat which pass to the mirror njear 
the flask, and are reflected to the other mirror, and then 
are reflected upon the thermometer, as represented by the 
dotted lines. There is another way, besides that already 
mentioned, of showing that it is not the direct rays that 
produce the effect. After arranging the apparatus, put a 
screen between the thermometer and the mirror near it, 
and the effect will be prevented because the reflection is 
cut off. If a piece of ice be substituted for the flask of hot 
water, the thermometer will fall — an effect opposite to that 
produced in the previous experiment. This would seem to 
show that cold is radiated; but since there is really no such 
thing as cold (§ 164), the effect must be attributed to the 
radiation of heat from the thermometer to the ice. If a 
hot ball be placed in the focus of one mirror and a piece 
of phosphorus in that of the other, as represented in 



Fig. 247, the phosphorus wiil be ignited even when the 
miiTors are twenty or mote feet apart. 

The reflection of heat ma; b« exhibited verj prettily hy a tnncl) sim- 
pler apparatiia, A sheet of bright gilt paper is rolled up in the shupe of 
a funnel, with the metnllic side inn'ard. Holding the larger end invrnids 
a Are, the raja of heat coming fiom the (ire into ihe funnel nre reflected 
towards a central line, and so pass ant of the smaller end of the funnel. 
A bit of phosphorus or a tucifer-match hel<l a little distance from this end 
of Che funnel will be set on fire. 

197. Formatlou of Dew. — Dew ia formed by the radiation 
of heat from the em-face of the earth. The earth as well 
as the sun is constantly radiating heat into space. In the 
daytime the earth receives a great deal more than it gives 
out ; bnt at night this is reversed, and the earth is cooled. 
The cooled earth condenses the atmospheric moisture, and 
this moisture is deposited in the form of little drops of 
water. If the weather be very cold, this is frozen, and 
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then we have frost instead of dew. You observe that the 
dew does not /a//, though this is the ordinary expression. 
Its formation is analogous to the deposit of moisture which 
we so often witness in a hot day in summer on the outside 
of a tumbler containing cold water. Just as the cold tum- 
bler condenses the moisture in the air, the earth, cooled by 
radiation at night, condenses the moisture which has accu- 
mulated in the air by evaporation during the heat of the day. 
The deposition of dew and frost is influenced by several 
circumstances. Less is deposited under a tree than away 
from it, because all the heat which radiates vertically up- 
ward under the tree is reflected back again by it. Hence 
the efficacy of a covering over plants as a defence against 
frost. Clouds operate in the same way, and for this reason 
no dew or frost is deposited in a cloudy night. Neither 
is any deposited in a very windy night, because the mov- 
ing air promotes evaporation, and thus prevents the accu- 
mulation of moisture. 

Dew is deposited in different amounts on different substcinces. This is 
owing to a difference in radiation. Grass and leaves radiate heat better 
than earth, and earth better than stone ; and, therefore, while stones and 
gravel-walks may be dry or nearly so, the loose eaith may be moist and 
the grass and leaves thoroughly wet. So yon see that not even the dew, 
plentiful as it is, is wasted by the Creator, but is deposited just where it is 
wanted to refresh the parched earth and its vegetation. 

Gideon's Fleece. — If you spread a fleece of wool upon the ground, it is 
so poor a radiator of heat that no dew will be deposited upon it, although 
the dew may be abundant on the grass and leaves in its neighborhood. 
But this was reversed in the case of Gideon's fleece. The laws of nature 
were set aside, and the fleece was wet with dew, while all around was dry. 

198. Dew-Point. — What is called the dew-point of the 
air is that degree of temperature to which any substance 
must be reduced in order that dew may be deposited upon 
it. This depends upon the amount of water present in 
the atmosphere, the dew-point rising in proportion to the 
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increase of moisture. When water condenses on a cold 
tumbler in a hot day, there is much more water in the air, 
and the dew-point is higher, than when no moisture is con- 
densed upon the tumbler. Thus after a very hot clear day 
the earth need not be much cooled to produce a deposit of 
dew, because the air has "become so highly charged with 
moisture through the evaporation of the earth under the 
hot sun. We can at any time very readily ascertain the 
dew-point. Take a glass of water, and, placing a thermom- 
eter in it, drop into it some pieces of ice, and watch the out- 
side of the glass. As soon as it begins to be dimmed with 
moisture, read the thermometer and note the dew-point. 

On clear still nights water is sometimes frozen by radia- 
tion, even when the temperature of the air is considerably 
above the freezing-point. Advantage is taken of this in 
the tropical climate of India to procure ice : large flat and 
shallow pans containing water are placed on straw or other 
non-conducting material and sunk slightly into the earth ; 
the water freezes even when the temperature of the air is 
10° Centigrade. 

199. Latent Heat. — As shown by the experiments in' 
§ 164, our sensations do not inform us accurately of the 
amount of heat in any substance. The same is also true of 
the thermometer, which indicates only the sensible or free 
heat. A great deal of heat may be locked up, as we may 
say, in the substance, that can be brought out or made 
free by a change of state in that substance. This heat 
thus locked up is called latent heat. 

Whether a substance assumes the form of a solid, liquid, 
or gas depends upon the amount of heat latent in it. If 
you take a piece of ice and melt it in a vessel, the ice and 
the water resulting both remain at 0° Centigrade until the 
ice is all melted. Yet all this time heat is being commu- 
nicated to the ice and water. What becomes of it ? It is 
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all taken up by the ice as it changes from its solid to its 
fluid state, and becomes latent in it. In fact, every particle 
of ice must absorb a definite amount of heat in order to 
become fluid. If water be heated to the boiling - point 
(100° Centigrade), and be kept boiling, the water will re- 
main at that point till it is all vaporized. All this time 
the water is receiving heat, which, instead of raising its 
temperature, is becoming latent in the particles as they 
change from the liquid to the gaseous state. As in the 
chan<ye from the solid to the liquid state, so in this 
case, every particle of t/ie liquid must absorb a definite 
amount of heat in order to become aeriform. Whenever, 
therefore, any solid substance becomes liquid, or liquid 
becomes aeriform, heat is absorbed and becomes latent. 
On the other hand, whenever any aeriform substance be- 
comes liquid, or liquid becomes solid, latent heat is given 
out, and becomes free and sensible. The freezing of water, 
then, is a source of warmth to the air in its neighborhood 
— a fact which is practically made use of when tubs or 
pails of water are placed in conservatories to keep plants 
from freezing; and the thawing of snow and ice is a source 
of cold, as is exemplified by the chilliness of the air occa- 
sioned by this process. 

200. Recent Theory of Latent Heat. — The expression 
latent heat was introduced into the science of phys- 
ics at a time when the prevailing doctrine concern- 
ing the nature of heat admitted its existence as a ma- 
terial substance ; when heat disappeared or was rendered 
latent^ it was supposed to enter the spaces between the 
molecules of matter; and when it was rendered sensible 
again, it was supposed to be squeezed out, as it were, from 
the infinitely small recesses of the body. Now, however, 
since heat is recognized to be a mode of motion, the expla- 
nation is different; when a solid becomes liquefied, a great 
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deal of heat is rendered latent; that is, the heat communi- 
cated to the solid is consumed in accomplishing the separa- 
tion of the molecules and in overcoming the cohesion nec- 
essary to convert it into a liquid. It is evident that if the 
mobility of molecules be so much increased as occurs in 
the passage of solids to liquids, the heat which effects this 
change cannot simultaneously do the work of free heat or 
render its presence appreciable by a thermometer. The ex- 
pression latent heat is, then, liable to mislead students ; yet 
it has taken so firm a hold upon the language of heat-sci- 
ence, or pyronomics, as it is sometimes called, that we can- 
not well dispense with it. You should remember, however, 
that heat is motion, and latent heat simply motion diverted 
to do other work. 

Further Illustrations, — This subject may be further illustrated by some 
experiments, easily made, the results of which are apparently quite para- 
doxical. When equal quantities of hot and cold water are mingled, the 
whole becomes lukewarm, each degree lost by the hot water becoming a 
degree gained by the cold. Mix, for example, 300 cubic centimetres of wa- 
ter at 21° Centigrade, and the same amount of water at 54° Centigrade; 
the temperature of the mixture will be the mean of the two — viz., 37.5° 
Centigrade, the hot water losing 16.5° and the cold water gaining 16.5°. 
In like manner, a mixture of equal weights of water having the tempera- 
ture of 0° and 78° respectively would yield water at 39°. Now, suppose 
we repeat the last experiment, using ice at 0° instead of sirater, and water 
of 78° ; you might expect to obtain a liquid having the temperature 39° 
as before; but this is not the result, the mixture after the ice has melted 
will have only the temperature of 0° Centigrade. What has become of the 
heat? It has accomplished the work of converting the solid ice into the 
mobile liquid, water, and is not now capable of affecting the thermometer. 

The refreshing beverage iced tea is drunk by many persons in warm 
weather. Those making it are often surprised to find that boiling-hot tea 
poured into a tumbler of ice is very quickly cooled to the temperature of 
the ice itself; whereas should ice - cold water instead of ice be added, a 
large quantity would bo needed to cool the tea, consequently spoiling it 
as a beverage. The reason of this, however, is quite plain from the ex- 
planations just given of latent heat. 
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201. Capacity for Haat. — The more heat a substance can 
absorb and render latent, the greater its capacity for heat, 
as it is expressed. Thus water has a much greater ca- 
pacity for heat than mercury. This can be proved by 
various experiments. Take two vessels just alike, and 
place a certain quantity of water in one, and the same 
quantity of mercury in the other ; if yon then expose them 
to the same degree of heat, it will take much longer to 
raise the water to any specified temperature than the mer- 
cury. Why is this, when they are both receiving the same 
amount of beat ? It is because the water renders a much 
larger portion of the heat latent than the mercury does. 
We can reverse this experiment. Take these same vessels 
with their contents raised to the same temperature, as in- 
dicated by the thermometer, and allow them to cool in 
the air side by side. The mercury will cool faster than 
the water, because it bas much less latent heat to pari 
with. The diffei'ence In capacity for heat between water, 
oil, and mercury may be shown by the cxiieriment repre- 
sented in Fig. 248. Put one hundred gi-ammes of water 
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into one Florence flask, one hundred grammes of olive-oil 
into another, and the same amount of mercury into a third. 
Heat the contents of each flask to 100° Centigrade, and then 
place them in funnels filled with pounded ice, the funnels 
resting in glass jars of the same size. Now, in cooling these 
fluids down to a certain point, say 0° Centigrade, different 
amounts of the ice will be melted, in the proportions of 100 
and 50 and 3. This shows the proportions of latent heat 
which become sensible or free as their temperatures are 
lowered. 

202. Relation of Latent Heat to Density. — The more 
dense a substance becomes, the less its capacity for heat. 
The heat produced by hammer- 
ing iron is the latent heat ren- 
dered free by condensation, this 
lessening the capacity of the 
iron for heat. The same thing 
can be better illustrated in the 
condensation of a very com- 
pressible substance, as air. Fig. 
249 represents a glass syringe 
closed at one end. If a piece 
of tinder, or a little bit of cot- 
ton wool moistened with ether, 
be placed in this end, and the 
piston be forced downward very 
quickly, the tinder or the ether 
will be set on fire. This is be- 
cause the compression of the 
air lessens its capacity for heat 
so much that a great deal of 
its latent heat is made sensi- 
ble or free. You learned in § 131 that the atmosphere 
is rarer the farther you go from the earth. It is very 

N2 




Fig. 249. 
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rare, therefore, on the summits of high mountains. This 
is the chief reason why it is so cold there ; for the rarer 
the air, the greater its capacity for heat, and the more 
free heat, therefore, can it render latent. 

Clouds and Latent Heat. — ^The water of which clouds are composed 
is heavier than air. Why, then, does it remain suspended? Why is 
it necessary that it should be collected into drops to cause its descent? 
This question can be answered by looking at the manner in which clouds 
are formed. A cloud, as stated in § 179, is made up of minute vesicles, or 
bubbles, containing air. Now, the air in these bubbles is lighter than the 
air surrounding the cloud, because it is warmer. But how does it receive 
its heat? In order to understand this, observe from what the bubble is 
made. It is made from the water which was in the air in a state of vapor, 
or aeriform, for this is the state of water in the atmosphere. But when it 
forms the vesicle, it leaves this state and becomes a liquid, for the wall of 
the vesicle is liquid. Now, in passing from the aeriform to the liquid 
state some latent heat must be made sensible. Tiiis sensible heat heats 
the air in the vesicle, and so makes it like a heated air-balloon. Tlins all 
clouds are collections of innumerable heated air-balloons, and the reason 
that some clouds rise higher than others is perhaps that their vesicles con- 
tain warmer and therefore lighter air. 

203. Freezing Mixtures. — The intense cold produced by 
these mixtures is the result of the change of free or sensi- 
ble heat into latent. For example, when salt and snow 
are mixed, the two quickly produce a liquid. In this 
sudden change of a solid into a fluid a great quantity 
of heat must be rendered latent, and therefore objects 
with which the freezing mixture comes in contact will 
suffer a great loss of sensible heat. The process in this 
instance is the opposite of solidification. A portion of 
the snow, after melting with the salt, becomes solid ice. 
This is because it gives up its sensible or free heat to por- 
tions of the melting snow, which are causing heat to be- 
come latent. 

The low temperatures obtained by certain freezing mixt- 
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ures are remarkable: for example, pulverized Glauber's- 
salt, moistened with hydrochloric acid, lowers the temper- 
ature from 10° to —17° Centigrade — a fall of 27 degrees; 
a mixture of one part by weight df snow and one of dilute 
sulphuric acid lowers the temperature from —7° to —51° 
Centigrade. Still greater degrees of cold can be obtained 
by other similar means, as given in the table at the end of 
this chapter. 

204. Cold Produced by Evaporation. — If you pour a little 
ether into the palm of your hand, it will rapidly disappear 
in vapor, producing a sensation of great cold. This sensation 
is due to the fact that, in the passage of the liquid to the 
aeriform state, some of the sensible heat of your hand is ab- 
stracted to become latent in the vapor. The evaporation 
of water also produces cold, though not so decidedly as 
ether, because its change into vapor is not so rapid at or- 
dinary temperatures. We make a practical use of the evap- 
oration of w^ater in many different ways. Thus we sprinkle 
water in a hot day upon the floors of piazzas, steps, etc., 
that much of the sensible heat about our houses may be 
rendered latent by the evaporation. For the same purpose, 
in hot climates, apartments are often separated from each 
other by mere curtains, which are occasionally sprinkled 
with water. In like manner, the inhabitants of such cli- 
mates often cool their beverages by wrapping a wet cloth 
around the vessels containing them. 

Evaporation is an important remedy in many cases of disease. For ex- 
ample, if the head be hot, a steady application of a wet cloth to the fore- 
head, though a simple remedy, is often effectual, and sometimes is very 
important. Most people make the application in a wrong manner. They 
put on several thicknesses of cloth, when a single thickness is the best, be- 
cause it will best secure the evaporation, which is the cause of the relief af- 
forded. 

205. Freezing in the Midst of Boiling. — It is owing to 
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the quantit]^ of beat rendered lateot l>y evaporation that 
water can be frozen in the midst of boiliiiy ether; and, 
paradoxical as it may seem, the boiling of tlie ether causes 
the freezing. The experiment is pertbrnied in this way: 
Place a test-tube or a little thin vial with water in it in the 
midst of some ether contaiQed in ^ shallow vessel under 
the receiver of an air-pump. On exhausting the air the 
ether will boil, evaporation taking place rapidly because 
the pressure of the air is removed. As the ether passes 
into vapor it extracts so much free heat from the water 
that it is cooled down to the freezing-point, and becomes 
solid. Water can be frozen even by its own evapora- 
tion. It is dotiu in this way : Place in a shallow vessel, b. 
Fig. 250, a little water, and in the vessel c oil of vitriol or 



sulphuric acid; and cover the whole with the receiver, a. 
When the air is exhausted by working the air-pnmp, the 
pressure of the air is removed from the water, and vapor 
rises from it freely. Since the sulphuric acid has a great 
attraction for water, it absorbs this vapor, and thus vapor 
continually vises from the water; this proceeds the more 
rapidly because the vapor formed is absorbed, instead of 
remaining to cause pressure on the water. By this rapid 
formation of vapor, requiring a great quantity of heat to 
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become latent, so much heat is at length abstracted from 
the water remaining that it freezes. 

206. Degree of Heat Endurable by Man.— It was formerly be- 
lieved that the haman body could not endure with impunity, even fur a 
short time, a much higher temperature than that met with in hot climates. 
But in the year 1760 it was accidentally discovered that a much higher 
temperature than this could be endured. At that time an insect was de- 
stroying the grain gathered in some parts of France, and it was found that 
if the grain were subjected to a high temperature, the insect was killed, 
and yet the grain was not injured. In tiying some experiments in regard 
to this matter, the experimenters wished to know the point at which the 
thermometer stood in a large oven. A girl attending the oven offered to 
go ill and mark the thermometer. She did so, remaining two or three 
minutes, while the thermometer was at 127^ Centigrade — that is, 27° Cen- 
tigrade above the boiling-point of water. As she experienced no great 
inconvenience from the heat, she remained ten minutes longer, when tiie 
thermometer rose to 142° Centigrade. These facts were published, and 
prompted scientific men to try other experiments. In England, Dr. For- 
dyce. Sir Charles Blagden, and others, went into rooms heated even to 
115° and 127° Centigrade, and remained long enough to cook eggs and 
steaks, and yet themselves suffered little inconvenience. The pulse was 
quickened, the perspiration was very profuse, but the heat of the body, as 
ascertained by putting the thermometer under the tongue the moment 
they came ont, was scarcely raised at all. The air in which they remained 
roasted eggs quite hard in twenty minutes, and, applied by a pair of bel- 
lows to a steak, cooked it in thirteen minutes. The question arises, why 
is it that this high degree of heat did not produce a more injurious effect 
upon the body ? One reason is that the heat of the air in the immediate 
neighborhood of the body was continually reduced by the evaporation of 
the free perspiration, sensible heat being thus converted into latent. An- 
other reason is that air is not a good conductor, and therefore did not 
communicate its heat readily to the body. Dr. Fordyce and his friends 
found that they could not safely touch any good conductor, such as metals, 
and they were obliged to wear upon their feet some non-conducting sub- 
stance. 

207. Foxmation of Ice. — Before dismissing the subject of 
heat, we must notice the grand exception to some of the 
operations of heat in the formation of ice. Heat generally 
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produces expansion. But in the case of water this law of 
expansion is set aside, and the reverse is established. This 
is the case, however, only within a small range of tempera- 
ture — viz., from the freezing-point up the scale about four 
degrees. In all degrees above that the usual expansion by 
heat takes place. The exception occurs at this part of the 
scale for a special purpose — viz., in order that water, in dis- 
tinction from other substances, shall become more bidky, and 
therefore lighter, when it takes the solid form. 

In order to make the process of freezing clear to you, we 
will describe it as it ordinarily occurs — that is, from the ac- 
tion of cold^ir upon the surface of water. The uppermost 
layer of the water imparts some of its heat to the air in 
contact with it. This, air rises and colder air takes its 
place, which, being warmed, rises in its turn to make way 
for more cold air. A constant current of warmed air rises, 
therefore, from the water. In the meantime a current of 
a different character forms in the water — a downward 
one. As fast as the water at the surface parts with heat 
to the air it falls, other warmer water taking its place, to 
cool in its turn and descend. This descent of the cooled 
water goes on regularly until a portion becomes cooled 
down to +4** Centigrade — that is, 4° above the freezing- 
point. This layer does not sink, but remains at the sur- 
face, for it is lisfhter than the warmer water below. This 
is because the law that heat expands matter is here re- 
versed. Below this temperature the colder the water, 
the lighter it is. As the cooling now proceeds as before, 
the cooled water at the surface continually increases. 
At first it is merely a single layer of particles, but after 
a while quite a body of cold water rests on the warmer 
water below. At length some of it is cooled down to 0% 
the freezing-point, and a thin film of ice then forms. 
The state of things just at this stage of the process may 
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be explained by the aid of a 
simple diagram, Fig. 251. Let 
the line a represent the film of 
ice. The space between a and h 
is the portion of water cooled 
down below 4°. The space be- 
low h is occupied by the water 

of a higher temperature. In the ^ FiKT^wT 

space between a and b the cooler 
water is nearer the surface. That is, from the line J, where 
the water is exactly at 4°, the water lessens in tempera- 
ture as you ascend, it being successively 3°, 2°, 1°, etc., till, 
just in contact with the film of ice, a, it is at 0°. The ice 
thickens gradually by additions below. But it is to be re- 
membered that ice is a good non-conductor, so that the 
very first layer of ice makes the cooling of the water pro- 
ceed more slowly than before. And the thicker the ice 
becomes, the slower the cooling. This prevents too great 
a formation of ice. 

208. VThy the Above Exception to Expansion by Heat 
Exists. — That we may understand the reasons in part for 
the grand exception to the general law of expansion by 
heat above illustrated, let us examine some of the results 
if the exception did not exist. In that case the process 
of freezing would be as follow* : The water would com- 
municate its heat from the surface to the air, as before 
described, and there would be a constant downward cur- 
rent of the cooled water. When any portion of the water 
became cooled by the air down to 0% it would become ice, 
and would sink to the bottom. And after the process of 
freezing had once begun, there would be a continual accu- 
mulation of ice at the bottom so long as the air remained 
cold enousch to cool the water with which it comes in con- 
tact down to 0°. 



308 NATURAL PHILOSOPHY. 

The result may l?e stated in general thus: Freezing 
would not begin so quickly as it now does; but when once 
begun it would prove very destructive. It would not be- 
gin so soon, because the whole of any body of water must 
be cooled down to a temperature very close to 0° before it 
could begin. This would not take long in ponds and streams 
where the water is shallow ; all shallow bodies of water, 
then, would be frozen up quite early in the winter; and 
since water is a poor conductor, and thawing would proceed 
from above downward, some of them would not be thawed 
out again fully till quite into the next summer. And where 
the water is quite deep, ice would at length begin to form, 
and when formed it would be exceedingly slow in thawing. 
In some cases it would never thaw with such a body of 
non-conducting water to guard it against the warmth 
above. It is easy to see that the heat of spring and 
summer would not thaw out so large a quantity of ice as 
it now does. The reign of ice and snow on our earth 
would therefore be vastly more extensive than now, and, 
what is worse, it would extend more and more every year. 
Under such circumstances great destruction of both an- 
imal and vegetable life would result. We will men- 
tion, however, but a single item, for it would occupy too 
much space to go into this subject more fully. In the wa- 
ter under the ice, which is always above 4°, except that 
which is close to the ice during its formation, there is a 
vast amount of busy life which would be destroyed if ice 
were formed at the bottom, chilling all the water above. 

209. Force of Ezpansion in Ice. — Since ice occupies one 
seventh more room than the water from which it is formed, 
it exerts in its formation an expansive force which under 
various circumstances produces varied and often remarka- 
ble results. Of the numerous experiments which have been 
tried to show the force of this expansion we will mention 



but one nia>le many yeai-a ago in Quebec. A bombshell 
vna filled wiili water and closed with an iron plug which 
was driven iu with great force. When the water fi-oze, the 
plug was thrown a distance of more than 450 feet (150 me- 
tres) by the expansion (Fig. 252). This expansion is some* 



times an inconvenience to ns, as in bursting water-pipes ; 
bnt besides the great service which it does in the earth, al- 
ri.'3dy noticed, it is of advantage also in loosening the soil, 
and in supplying it with requisite ingredients from the 
rocks by breaking them up and pulverizing them in small 
quantities from year to year. 

210. Scalo of Temperatnie. — The phenomena effected by 
heat are exceedingly varied, and it is interesting to examine 
the degrees in the general scale of temperature at which cer- 
tain changes ensue. In the following table, taken from Dr. 
Amott's Elements of Physics, only a few facts have been 
selected by way of comparison. The figures are partly from 
actual observations and partly calculated; they are given in 
both Centigrade and Fahi-enheit degrees. The extremely 
low and high temperatures are only approximations. 
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TABLE OF HIGH AND LOW TEMFEBATURES. 



Estimated ''absolute zero" (Ganot) 

Greatest artificial cold produced by nitrous oxide 

and carbon disulphide in vacuo (Natterer) 

Greatest cold from a bath of carbonic acid and 

ether in vacuo (Faraday) 

Liquefied nitrous oxide freezes.... 

Liquefied sulphurous anhydride freezes 

Greatest natural cold observed (in Siberia by 

Erman) 

Liquefied carbonic acid freezes 

Estimated temperature of planetary space (Fourier). 

Mercury freezes 

Mixture of equal parts of sal ammoniac and ice 

(Falirenheit's zero) 

Air on the summit of Mont Blanc, February, 

1876, 3 P.M 

Ice melrs (zero of Celsius and Reaumur) 

Animal heat (the ''blood-heat of the human body ") 
Highest natural temperature observed in India. ... 

Steamship engine-room, West Indies 

Alcohol boils 

Water boils 

Tin melts 

Bismuth melts 

Lead melts 

Mercury boils 

Black heat 

Zinc melts 

Antimony melts 

Red heat visible in the dark .* 

" daylight 

Heat of a common fire 

Bright-red heat 

Silver melts 

Gold melts 

French wrought iron melts 

Hydrogen burned in air 

Cast iron melts 

English wrought iron melts 

Wind-furnace, white heat 

Combustion of hydrogen in oxygen 



Dep;ree8 
Centigrade. 



-273 



-140 



Degrees 
Fahreuheit 



-110 


-166 


-101 


-150 


-77.2 


-106 


-57.7 


-72 


-57.2 


-71 


-50. 


-68 


-39.4 


-39 



-17.7 



-12.2 


+ 10 





+32 


+36.6 


+98 


+60. 


+140 


67.7 


164 


78.8 


174 


100 


212 


227.7 


442 


260. 


500 


322.2 


612 


343.3 


660 


371.1 


700 


411.5 


773 


482.2 


900 


537.7 


1000 


593.3 


1100 


616.1 


1141 


648.8 


1200 


1022.7 


1873 


1249.9 


2282 


1500 


2732 


1503.8 


2739 


1530 


2786 


1600 


2912 


1804.4 


3280 


3025.6 


6478 



-460 



-220 
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QUESTIONS. 

183. What is said of the communication of heat? How many and what 
are the modes of communication? What is the mode called convec- 
tion? Give examples of convection. — 184. What is the conduction of 
heat ? Describe the experiment showing the gradual progi'css of heat in 
an iron rod. — 185. Describe the experiments showing the different rates 
of conductivitv of different substances. What is said of non-conductors of 
heat? Give the examples cited. — 186. Explain Davy's safety-lamp. What 
is said of explosions in mines ? Give what is stated in the note about Ste- 
phenson and Davy. — 187. What is said of the influence of density on the 
conduction of heat? Give the illustration about melting snow. — 188. State 
the experiments which show that liquids are poor conductors of heat. — 189. 
What is said of air as a non-conductor of heat ? What is said of double 
windows? — 190. What is said of arrangements of the walls of buildings? 
What of an arrangement for preventing the spreading of fires in blocks ? 
— 191. How are animals in very cold regions protected from the cold? 
What is it in their coverings that affords the protection ? What is said of 
the coverings of quadrupeds that are natives of warm climates ? What of 
the elejjhants whose remains are found in Sibeiia? What changes take 
place in the coverings of animals carried from a cold to a warm climate, 
and the reverse ? — 192. Why has man no covering against the cold ? Ex- 
plain the object of clothing. What is said of articles of clothing ? What 
of loose clothing? What of straw coverings on trees? What of bricks 
compared with stones? What is said of cocoons? — 193. What of buds 
of plants in winter? What of snow as a protection of plants? State the 
arrangement of snow observed in the arctic regions. — 194. State in full 
what is said of the influence of the conduction of heat upon sensation. — 
195. What is meant by the radiation of heat ? Give examples of it. What 
is said of the relations of heat and light ? What is said of the relation be- 
tween absoi'ption and radiation? — 196. What of the reflection of heat? 
State the experiment with the mirrors and the thermometer and flask. 
Explain the experiment with the ice. Give the experiment with phospho- 
rus. Describe the experiment with a cone of gilt paper. — 197. Explain the 
formation of dew. State the analogy of the tumbler. What is said of the 
circumstances that influence the deposition of dew and frost? What is 
said of different substances in regard to the deposition of dew ? What 
about Gideon's fleece ? — 198. What is the dew-point ? How can you ascer- 
tain it? What is said of the freezing of water in India? — 199. What is 
meant by sensible heat, and what by latent ? Upon what does the form of 
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a substance depend ? State in full what is said of the melting of ice and 
Taporization of water. What is said of the expression latent heat ? £x- 
phiin its meaning. Illustrate by reference to mixtures of cold water with 
hot, and of ice with hot water. What is said of iced tea ? — 200. What is 
said of cipacitj for heat ? Describe and explain the experiment with wa- 
ter, uil, and mercuty of the same temperature. — 201. What is the relation 
of heat to density ? Give the illustrations. What is the reason that the air 
is so cold on great heights ? — 202. State in full what is said of latent heat 
in reference to clouds. — ^203. Explain the operation of freezing mixtures. 
— 204. State the examples of the production of cold by evaporation. — 205. 
Describe and explain the experiment with ether and an air-pump; also 
that with water and sulphuric acid in vacuo. — 206. Give the facta stated in 
regard to the degree of heat which man can endure. Give the reasons why 
the heat did not produce a greater effect in these cases. — 207. What effect 
does beat produce upon the bulk of substances ? What is said of water as 
an exception ? Describe the process of freezing as illustrated by the diagram. 
— 208. What would be the process if the exception did not exist? State 
what would be the results. — 209. What is said of the force of expansion in 
ice ? State some of the benefits which come from this expansion ? — 210. 
Quote from the table some of the remarkable temperatures at which certain 
phenomena occur. 



CHAPTER XVn. 

LIGHT. 



211. Nature of Light — ^The exact nature of light is not 
known. There are two suppositions in regard to it. One 
is that of Sir Isaac Newton, called the theory of emission. 
According to this, light is a material substance, but so sub- 
tile as to possess no weight and to be impalpable; and, 
being thrown off in all directions from the sun, it passes 
with inconceivable rapidity through the atmosphere, and 
even, through substances of great density. The minute 
particles of this substance striking the eye produce the 
sensation of light, just as particles thrown off by an odor- 
ous body affect the organs of smell. 
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The other Btippositioti, first definitely advanced by Hiiy- 
gliens, is known aa the widulatory theory. The advo- 
cates of thia, which is now quite generally received, believe 
light to consist of undulations, waves, or vibrations in an 
imponderable fluid or ether which is supposed to exist ev- 
erywhere, pervading all space and every substance. Ton 
perceive here an analogy to sound, but the vibrations of 
sound are in a palpable medium, and tlioae of light (as well 
as of heat) are in an imponderable ether. 

The vibrations of light, moreover, differ essentially from 
those of sound in the manner of their transmission. You 
have seen in § 148 that the pulses or vibrations of air caus- 
ing sound are in the direction of the line of transmission, 
whereas in light the vibrations are at right angles to this 
direction. This kind of wave motion is shown in Fig. 263, 







in which the white riots represent particles of ether, and 
the light is supposed to p.iss in the direction A B. Each 
particle in suoceasion makes a to-and-fro motion in the di- 
rection b' b",f' f", etc., coming finally to rest on the line 
AB. This peculiar wave motion may be illustrated by 
shaking a stiff cord or rope from one end, when waves will 
appear to rnn along the rope, thongh, of course, there is no 
actual transfer of the particles of which the rope is made. 
Referring again to Fig. 253, the distance *' a' is called a 
wav&iengthf and the distance b' b" or c' c" the amplituda 
of the wave. These distances differ in different kinds of 
light as will be explained in the latter pai-t of this chapter. 
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The two theories just named correspond to the two the- 
ories of the nature of heat as explained in § 165: heat is 
supposed to be due to the vibrations of the universal ether; 
and light being ascribed to the same, it only remains to dis- 
tinguish the two. The difference between heat and light 
is believed to depend on the velocity of the vibrations of 
the ethereal substance, those of light being far more rapid 
than those of heat. In both cases the vibrations of the 
ether are believed to be excited by the motions of the mol- 
ecules of the substances generating the heat or light. This 
theory assists in explaining what is known as the converti- 
bility of heat into light. Any solid substance heated to a 
sufficiently high temperature emits light. Of this we have 
numerous examples : a blacksmith hammers a piece of iron 
until it becomes at first warm, then hot, and eventually 
red-hot ; in other words, until it emits light. The frequent 
association of light with heat in the phenomenon of combus- 
tion is another example. In these cases the particles or 
molecules of the substances are set in motion, and we ob- 
serve heat with or without light according to the rapidity 
of their vibrations : when circumstances quicken immense- 
ly those vibrations which produce the effect we call heat, 
they then impart the sensation of light. 

212. Sources of Light. — Any substance capable of com- 
raunicatino: liorht- vibrations to the surroundino: ether is 
said to be luminous. Our chief source of liojbt is the sun. 
What particular conditions exist in the sun enabling it to 
send out such prodigious quantities of heat and light dur- 
ing such enormous periods of time is not well underetood. 
The light is probably the result of intense heat, but wheth- 
er this heat arises from combustion similar to that on the 
earth or from some other causes has not been determined. 
Other sources of light are the stars which, like the sun, are 
self-luminous. The moon, however, as you know, shines by 
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reflected light, that of the sun. Chemical action is a very 
important source of light, all combustion is merely intense 
chemical action accompanied by heat and light, as will be 
shown in Part 11. of this series — Chemistry. Hydrogen gas 
burns with a very feeble non-illuminating flame; but if 
you introduce a platinum wire, it will glow or become in- 
candescent on account of the intense heat. The illuminat- 
ing power of ordinary kerosene or oil lamps is due to the 
incandescent solid particles floating in the flames. 

As given in the table on page 310, the temperature at 
wliich red heat becomes visible in the dark is about 638° 
Centigrade (=1000° Fahrenheit), and in daylight 593° Cen- 
tigrade (=1100° Fahrenheit); but these figures are only 
approximate. 

Electricity is a source of light ; this is seen in the light- 
ning flash, the spark of a frictional machine, and the effects 
produced by a galvanic battery (Chapters XVIII. and 
XIX.). 

There are many other inferior sources of light: the phos- 
phorescence of decaying animal and vegetable matter, the 
so-called phosphorescence of certain bodies which appear 
luminous after exposure to the sun's rays, and the phospho- 
rescence of certain living animals, as fire-flies, glow-worms,, 
and animalcula in the sea. . 

213. Opaque and Transparent Bodies. — Bodies which per- 
mit the free passage of light through them are said to be 
transparent; those which obstruct the rays of light are 
called opaque. Intermediate between these are certain 
bodies which allow light to pass through them dimly: 
these are said to be translucent. Transparent and opaque 
are relative terms, some substances usually called opaque 
becoming translucent when made excessively thin. Of this 
we have an example in gold, which transmits a greenisli 
light when beaten out into very thin leaf. 
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Light, like heat and sound, radiates in straight lines in 
Jill directions from its source. We can see this to be true 
by admitting rays of light into a darkened room through 
small openings in the shutters, the rays making straight 
lines across the darkness, as shown by the motes flying 
in the air. The fact is recognized by the marksman in 
taking aim, and by the engineer in making his levels. 
The carpenter acts upon it when he tests the smooth- 
ness of any surface by letting the light pass along over 
it to his eye. 

The manner in which opaque bodies cast shadows also il- 
lustrates this fact, as shown in Fig. 254; light radiating from 




Fig. 254. 

the point S and striking the opaque body forms a conical 
shadow. The shape of the shadow is deteinnined by draw- 
ing straight lines from the point S to either edge of the in- 
tervening substance, and continuing these lines indefinitely. 
214. Intensity of Light. — As light passes in all directions 
from any body or point, the farther we go from its source, 
the less bright will the light be. The farther we trace any 
two rays of light from their source, the farther are they 
separated from each other, and that which is true of any 
two rays is true of all the rays. It follows that the farther 
any surface is removed from a source of light, the less light 
will fall upon it. This decrease of light in proportion to 
distance is perfectly regular, being as the square of the dis- 
tance; or, in other words, the intensity of light is inversely 
as the square of the distance (§ 28). To illustrate this ex- 
perimentally, place a screen, a candle, and a square piece of 
pasteboard between them at one foot from each, as shown 
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Fig. 255. 



^•^=kj.-..^ 



in Fig. 255. The shadow on 
the screen covers a space four 
times as large as the paste- 
board; that is, the light that 
shines on the pasteboard, if al- 
lowed to pass on to the screen, 
would be diffused over four 
times the space, and therefore 
would have only one quarter 
of the intensity. So if the screen be placed at twice the 
distance from the pasteboard (Fig. 256), the shadow will 

cover a space nine times 
as large, and therefore 
the light there would 
have one ninth of the 
^ intensity. Again, it is 
seen by Fig. 257 that if 
the screen be placed at 
the distance of three feet, 
the intensity of the light 
is one sixteenth of that which it is at the pasteboard. 
While the dis- 
tances, therefore, 
are 1, 2, 3, 4, etc., 
the intensity of the 
light is inversely as 
the numbers 1, 4, 9, 
16, etc.; that is, tn- 
verady as the sqvxire 
of the distance. 





Fig. 266. 







Fig.257. 




Advantage is taken of this regalarity to compare the intensities of lights 
from different sources. Fig. 258 represents a very simple method of test- 
ing the comparative strength of two lights. C D is a white surface in front 
of which the small rod, s, is fastened. When a light is placed at / and an- 

o 



other at L, tnoihitdowB are formed Dpon (be white snrfoce. Non, iftha two, 
lights be oF eqiutl inteneity, both (he ishadows will be equa]|j dark irhen the 
1jgh(8are at (he same distance; but if the light Lbs the bi-jghter, the shad- 
ow a will be darker than b; and to obtain ahadowi of eqaal darknesB, the 
stronger light mast be moved hack from (he rod i. This being done, and 
the distance of each light meaBored, 'c is easy to calinilate their relative in- 

Instruments called photometers, from two Greek words signifying "light- 
measurer," are employed to examine tbe strength of the flame of coal gas. 
These instruments operate on a principle eimilar 10 (hat just described, and 
vhe gas light is compared with that of candles of standard size and weight. 

216, Velocity of Ught. — The velocity of light is bo great 
vhat within ordinaiy distances it may be considered as In- 
itantaneous. Thua when we measure the distance of a 
>:annon by the difference between the time of its flash and 
the report, we do not allow for the time consumed by the 
light in its passage to the eye. But when we look at ob- 
jects as distant as the sun and other heavenly bodies, we 
allow in our calculations for the time consumed by the pas- 
sage of light. It takes light eight and one quarter minutes 
to travel from the sun to ns, a distance of ninety-two mill- 
ions of miles. With the telescope stars have been seen 
which are ascertained to be at such a distance that it re- 
quires over ten years for their light to reach the earth. 
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Others have been seen which are much farther off, but 
their distances have not been absolutely ascertained ; some 
are supposed to be so remote that the light occupies many 
centuries in its passage to the eye of the astronomer ! 

Ro€mer*8 Observations, — The velocity of light was first determined by 
Koemer, a Danish astronomer, in 1676. It was done by calculations and 
observations of the eeltpse of one of Jupiter^s moons. After making the 
calculation of the time it would take for the satellite to pass through the 
shadow of the planet, he observed its passage, and found that it did not 
emerge from the shadow so soon as his calculation required by fifteen 
seconds. What was the difficulty ? If the earth had remained in one spot 
from the beginning to the end of the passage of the satellite, the obseiTation 
would have agreed exactly with the calculaiion. But the earth had moved 
in its orbit during this time (about forty-two hours and a half) the immense 
distance of 2,880,000 miles. The light of the emerging satellite therefore 
had to travel over this additional distance to overtake the earth, and it 
took fifteen seconds to do it. If we divide, then, this distance by 15, we 
get the distance which light travels in a second, which is 192,000 miles. 
All this can be made clear by the diagi'am Fig. 259. Let S be the sun, 
J Jupiter, and C one 

of Its moons emerg- j^C ""6^ 

ing from its shadow. /^ ~**"~^~^^^-iN[""^*--> 

Let A bo the earth / \ '""--^«-'>C \ 

as it is when the I ^ \ f^J ^ isJ \f^ 

eclipse of Jupiter's I" ^P J y v^^^^^S^^" 

moon begins. When \ J \. y 

it emerges, the earth \ / 

has passed to B, and ^y, ^ ^ ^•^ 

the light from the sat- „, «^ 

J? ig. «w. 

ellite has to travel as 

much farther to reach it now as B C is longer than A C. Roemer made 
other observations with the earth at some other parts of her orbit with sim- 
ilar results. 

216. Reflection of Light. — ^Light, like sound and heat, is 
reflected in straight lines when it strikes upon any resist- 
ing substance. This is evident when it strikes any smooth 
and plane surface. And it is true of light, as it is of heat, 
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Fig. 260. 



that the angles of incidence 
and reflection are equal. 
Thus if s 8' (Fig. 260) be a 
reflecting surface, and n p 
a line perpendicular to it, 
then a ray of light, f w, 
will be reflected in the line 
n dj and the angle of iiici- 
dence,/'n/>, will be equal to 
the angle of reflection, jon J. 
The various objects 
around us are made visible by the light reflected from 
them. Every point of each surface we see reflects rays or 
vibrations of light to our eyes. Thus when we see a per- 
son, rays of light are reflected into our eyes from every part 
of him. These rays form an image of him in the back part 
of each eye, and it is by this image that we see him, as will 
be explained more fully in another part of this chapter. 
Reflected light is painting the images of objects in the eye 
every moment in great abundance and variety. If a speak- 
er have an audience of a thousand pei*sons, each one looking 
at him, his image is at the same time in two thousand eyes, 
and in each of these two thousand images every motion and 
every changing expression is faithfully depicted. 

217. Mirrors. — ^That reflected light does thus form im- 
ages of objects is seen in the common mirror. The image 
of any object formed is produced by the light reflected 
from that object to the glass. Then in seeing the image 
light is reflected from it into the eye, there to form a sim- 
ilar image, though of much less size. By using two or 
more mirrors the reflections of the image can be multiplied, 
and by certain arrangements to a very great extent. When 
you look at the reflection of any object in a mirror, the im- 
age appears to be at the same distance beyond the surface 
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as the object before it : this is owing to the fact that the 
reflected rays come from the glass at the same angle that 
the incident rays strike upon it (§ 216). This may be shown 
from Fig. 261. Suppose m m' is a looking-glass, and the 
arrow, A B, is placed before it. Rays of light pass from it 
at all points to the glass. We 
will consider the path of only 
two of these rays at each end of 
the arrow. The ray A g will be 
reflected to the eye at the same 
angle in the ray g o, and the ray 
A/ will be reflected in the ray 
/E. And the reflected rays 
will have the same, rate of diver- 
gence as the incident rays. The 
same can be shown in res:ard to 
rays from B or any other point 
on the arrow. Now, if the lines 
o g and E / be prolonged, they will meet at the point a, 
which lies at the same distance behind the mirror as A is 
before it. The same thing can be shown of the rays from 
B or any other point. Therefore the image of the arrow 
will appear to the eye to have the same relative position 
behind the glass that the arrow itself has before it. 

218. The Kaleidoscope. — We have already noticed the 
multiplication of the images of objects by using two or 
more mirrora. In the scientific toy called a kcUeidoscqpey 
by a particular arrangement of mirrors the images are 
multiplied, and by changes in the position of the objects 
the relative positions of the images are infinitely varied. 
Fig. 262 will serve to explain the operation of tlie instru- 
ment. Let A B and B C be two plane mirrors placed 
at right angles to each other, and a an object before 
them. Let I be the position of the eye looking at the 
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mirrors. The rays a ^ and 
a g will be reflected to I 
as represented, and the eye 
will see two images, which 
'£ appear to be at b and £. 
But the ray a K will be re- 
d fleeted to c, and then to I, 
so that a third image will 
be seen at d. In this case 
but a single second reflec- 
tion, or reflection of an im- 
age is formed ; but by placing the mirrors at an angle of 
60°, 46°, and 30° the images may be increased in number to 
five, seven, and nine, having a circular arrangement. In tbe 
kaleidoscope two mirrors are placed in a tube at an angle 
of 30°; and variously colored pieces of glass in tbe farthei 
end of the instrument, changing their relative position with 
every movement, give an endless variety of images symmet- 
rically arranged. 

219. Effect of Carved Mirrors. — Curved mirrors are chief- 
ly of two kinds — concave^ or hollowed out, and conveXy or 
bulging out. The manner in which light is reflected from 
a concave mirror may be illustrated by Fig. 263. If paral- 
lel rays strike upon the mirror, they 
will be made to converge^ or come 
together, at the point a, called the 

f^cus. If,however,the source of light 

be placed at the focus itself, the rays 

striking the mirror, as shown, will 

diverge^ and the reflected rays will 

be parallel. If the light or object 

be nearer to the mirror than the focus, and the rays, of 

course, diverge more, then the effect of the mirror will 

be to lessen the divergency when the rays are reflected. 




Fig. 263. 




You see that the tendency ia to make the rays converge. 

And hence concave reflectors are much naed when it is 

desired to thi-ow a great amount of light in one dii-ec* 

tiou. The effect of the concave mirror upon the apparent 

size and position of objects placed 

before it varies with the relation of 

their position to the focns. 
The action of a convex mirror 

npon light is the opposite of that of 

the concave. Its tendency is to make ^ ^ 

the rays diverge. Thus, if parallel 

rays strike upon a convex mirror 

(Fig. 264), they diverge, as if they 

came from a focus behind the mirror 

at b, indicated by the dotted lines. 

220. RefiraoUon of Light — The substance through which 

light (or any other agent) moves in passing from one point 

to another is called a medium; thus air, glass, water, etc., 

are media. Now, light moves in straight lines so long as 

it passes through a medium of uniform density ; but if it 

pass from a denser into a rarer, or from a rarer into a 
denser medium, it is bent from 
its course. This bending, oi 
[ re/>ac(ion, as it is called, takes 
place only when the ray of 
light enters or leaves the me- 
dium in an oblique direction. 
i Thus, if a ray of light pass- 

ing from air into the denser 
medium water strike the lat- 
ter perpendicularly to the sniv 
face,p'^, in Fig. 265, no refrac- 
tion or alteration In its course 
Pig,«e. takes place; but if it strike the 



324 NATUBAL PHILOSOPHY. 

water obliquely, as indicated by the line I n, it is bent in 
the direction n s. When light passes into a denser inedi* 
um, it is refracted towards the perpendicular let fall upon 
the point of contact, the angle r being smaller than the 
angle i; when, however, light passes into a rarer medium, 
the reverse takes place : it is bent from the perpendicular 
let fall upon the point at which the emergence occurs. 

It is owing to this refraction of light that a straight stick 
partly immersed in water appears to the eye to be bent 
just at the surface of the water. 

a Fig. 266 also furnishes another 

^^ illustration. Let the vessel shown 

y^^ be empty, and place a coin at m. 

y'^/^ Then place your eye at such a 

^IJ^HHHBRimM^ point, a, that the rim of the ves- 

^^^^^^^^^^s^^B^^ sel just conceals the coin from 

Cg-^^g ^^^^^^j view. If you then pour in water 

^^^ ^^ ^^^ ^^^3 up to a certain level, say t; v\ the 

— j^^M^^B&'^^^H^— coin will come in view. This is 

^^* because light reflected from the 

coin to t % is bent in the direction t a, and therefore appears to the eye to 
be at n. In this case the refraction \&from the perpendicular. 

We have taken as examples water and air, but more or less refraction 
occurs whenever light passes from one transparent body into another. 
Different substances differ much in their power of thus bending light; thus, 
glass possesses a higher refractive power than water, ix>ck-salt than glass, 
and the diamond most of all. It is to this high light-bending power that 
the diamond owes in part its sparkling brilliancy. Bearing in mind that 
light is vibrations of ether, we may regard the refraction by a denser medi- 
um as a retardation of these vibrations, and the refraction which takes 
place when light enters a rarer medium as an acceleration of the same. 

221. Dawn and Twilight. — The light of the sun, in pass- 
ing from space into our atmosphere, is refracted. Other- 
wise we should have no daylight preceding the rise of the 
sun, nor twilight after its setting; but light would burst 
upon the darkness of night as soon as the sun appeared 
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above the horizoUy and darkness would suddenly succeed 
to the light of day at sunset. As it is, in the morning the 
light bends towards us in passing through the atmosphere 
long before we see the sun, and after the sun has disap- 
peared from view at evening its light bends towards us in 
the same manner. And, further, we really see the sun in 
the morning before it gets abovo the horizon, and in the 
evening after it has gone below it. This may be made clear 
by Fig. 267. Let the central ball represent the earth. 
Now, since the atmosphere is .a 

most dense near the earth, 
and is rarer as you go out- 
ward from the earth, it is rep- 
resented in the figure as hav- 
ing different layers in order 
that the operation of the re- 
fraction may be more easily Pig.aeT. 
explained. The light issuing from the sun, S, below the ho- 
rizon, on reaching the first layer of air, instead of passing on 
straight to a, as indicated by the dotted line, bends tow- 
ards the earth. Then in entering the second layer, instead 
of passing on to ^, it is bent or refracted still more ; and so 
on through all the layers, being refracted in each more 
than in the previous one. The result is, that the sun, 
though really below the horizon, appears to be above it. 
The path of light from the sun, as it passes through the air, 
is a curved line. This is because the air, instead of being 
of uniform density, lessens in density as we go from the 
earth. If it were of uniform density, the light would be 
refracted in straight lines, as in the experiments in § 220. 

222. Mirages. — Sometimes inequalities occur in the den- 
sity of the lower portions of the atmosphere, causing, of 
course, unequal refraction, and producing strange appear- 
ances, {ermed mirages. For example, at Ramsgate, on the 

02 
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uoast of England, on a certain occaBion, n ship was seen 
at such a distance that only hei- topsails were visible; and 
above in the air there were two complete images of the 
ship, the uppermost being erect and the under one invert- 
bA (Fig. 268). Captain Scoresby, iu a voyage to Green- 



Plg. ae^. 
land, S.1W an inverted image of a ship so well defined that 
he decided that it was the image of his father's ship, the 
Fame, which was afterwards verified. The ships were at 
that time separated a distance of thirty miles. 

An incident in the early history of the author's place of 
residence may be cited as an example of mirage. A ship 
left New Haven for England freighted with a valuable 
cargo, and having on board a laige number of the best cit:- 
izens of the colony. Some time after there was immense 
excitement in New Haven, because the inhabitants saw, 
with great distinctness, what they siippoBed to be this ves- 
sel, at only a little distance, apparently sailing against the 
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wind. But it soon disappeared from view, little by little, 
until the whole was gone. The ship itself was never heard 
from, and it was supposed at the time that this appearance 
was a manifestation of Providence for the purpose of in- 
forming the colonists what had become of their friends. 
But that which was seen was undoubtedly the reflected 
image of this or some other ship. Such appearances as 
these have given rise to the stories sometimes told of 
phantom ships. Mirages are very common in the exten- 
sive deserts in hot climates, exhibiting to the eye of the 
traveller various deceptive appearances, as islands, lakes, 
etc. In Bonaparte's campaign in Egypt such an appear- 
ance on one occasion caused whole battalions of thirsty sol- 
diers to rush forward, supposing at the moment that a plen- 
tiful supply of water was at hand. 

223. Visual Angle. — In order that you may understand 
the operation of lenses in relation to vision, we must first 
explain what is meant by the visual angle. In Fig. 269 
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are represented arrows of the same size at diflerent dis- 
tances from the eye. From the ends of each of the ar- 
rows are drawn lines to the eye. The angle which these 
lines make in each case as they meet at the eye is termed 
the visual angle. Now, the apparent size of an object de- 
pends upon the size of this angle. The degrees of the an- 
gles are marked upon the arrows. Thus the visual angle 
of the nearest arrow is 120 degrees, and that of the second 
is 60, only half as large. The first arrow therefore appears 
twice as large as the second. For the same reason, it ap- 
pears fbcir times as large as the third, eight times as large 
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Fig. 270. 



as the fourth, and twelve 
times as large as the fifth. 
The same thing is illustrated 
in another way in Fig. 270. 
Here the arrows e f^ g h^ 
and i k appear to the eye 
as large as A 6, because 



they have the same visual angle, and for this reason make 
an image of the same size in the eye, as indicated in the 
figure. It is hardly necessary to say that what is true of 
objects as a whole is also true of any part of them. £ach 
part, however small, has its visual angle, and this governs 
its apparent size. 

224. Lenses. — Lenses are transparent bodies having 
curved surfaces and possessing the power of increasing or 
diminishing the convergence or divergence of the rays of 
light which pass through them. Lenses are usually made 
of glass, but they can be made of any transparent solid, as 
quartz, ice, etc. There are six different forms of lenses, as 
represented in Fig. 271. No. 1, being convex on both sides. 



,X^s. 




3 



Fig. 271. 



is called a double convex lens ; 2 is a plano-convex lens ; 3 
is concavo-convex; 4 double concave; 5 plano-concave; 
and 6 concavo-convex. 3 and 6 are also called meniscuses. 
The lenses in most common use are the double convex (1) 
and the double concave (4). The explanation of the manner 
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in which these act upon light will sufficiently illustrate the 
operation of the others. They act by refraction, the con- 
vex collecting the rays, or bringing them nearer together, 
and the concave spreading them farther apart. You can 
at once see that a convex lens, by causing the rays com- 
ing from an object to converge more, increases the visual 
angle, and therefore makes the object to appear larger 
than it otherwise would. This effect is illustrated by 
Fig. 272. The rays of light reflected from the arrow 
are made by the lens to converge so o>^ 
as to meet at a, instead of at ^ ; that is, 
by passing through the lens they have 
a larger visual angle, and therefore the 
object is magnified. The distance be- 
tween c and d shows the size which 
the arrow would appear to have to the 
eye placed at a. In a similar manner 
the double concave lens causes the rays 
to diverge, and, consequently, objects 
seen through it appear to be smaller. 

The magnifying power of any lens depends on the degree 
of its convexity, or the bulging of its surfaces ; for the less 
it bulges, the nearer it is to a plane surface ; and the more 
it is curved outward, the more obliquely will the rays fall 
upon its surface, and the greater therefore will be the re- 
fraction which brings them to a focus. A minute sphere 
forms a very powerful magnifying-glass. 

225. Microscopes and Telescopes. — What has been said 
of the action of the convex lens upon the visual angle ex- 
plains also the operation of the microscope. Microscopes 
may be simple or compound. Simple microscopes contain 
only one lens, the action of which has been described. Com- 
pound microscopes used to magnify and render visible ex- 
ceedingly minute objects contain combinations of two or 
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Fig. 278. 




Fig. 2T4. 



more lenses. The operation of a simple forai of this instrn* 
nient is shown in Fig. 273. Rays from the object, E F, 

passing through the first lens, 
or object-glass, as it is called, 
form a magnified inverted 
image, G H, which is still 
more magnified by the eye- 
glass, C D. 
In the telescope, convex 
lenses are also employed, but the arrangement is different, 
since the objects to be magnified are very distant. Fig. 274 
shows the path 
of the rays of 
light through 
the two convex 
lenses, forming 
a simple astronomical telescope. Light proceeding from 
the object. A, passes through the object-glass, L, to form 
an image at b a, which image is seen through the eye-piece, 
D, the rays entering the eye at £. Of courae the image is 
seen in an inverted position, but this is of no consequence 
in viewing heavenly bodies, which are spherical. 

226. Magio Lantern. — This is an instrument by which 
greatly enlarged transparent pictures are made visible by 
being thrown upon a screen. The pictures are either painted 
with transparent colors upon glass, or directly photographed 
upon the same material. The apparatus, in its simplest form, 
consists of a metallic lantern, A A, Fig. 275, having a concave 
reflector, p q^ and two convex lenses, m and n. At c <2 is a 
space between the lenses into which the pictures are intro- 
duced. Lisa strong light, which is in the focus both of the 
mirror and the lens m. The picture is therefore illuminated 
strongly by the rays reflected from the mirror and passed 
through the lens. The lens n^ which is movable, is so ad- 




justed as to throw a highly magnified image of the picture 
upon the screen. Since the image ib au inverted one, the 
pictures must be inserted upside down. In a more modern 
form of this instrnment, to which the name stereopticon has 
been givea, an oxyhydrogen light is substituted for the com- 
mon lamp. The solar microscope is essentially similar, the 
sun serving as the illuminator and three lenses being used. 
227. Camera Obacruia. — This instrument differs from the 
magic lantern in giving us diminished images of objects. 
An instrument of this kind can be arranged extemporane- 
onsly by any one. Thus, if into a darkened chamber light 
be admitted throngh a small opening, inverted images of 
any objects in front of the opening will be formed upon a 
white screen in the opposite part of the chamber. Such an 
arrangement is represented in Fig. 2T6. The images in 
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such a case, however, are faint, because the opening must 
necessarily be small, and therefore but few rays, compara- 
tively, come from the objects. By making the opening 
larger, and gathering the rays that enter it with a double 
convex lens, we can obtain well-defined and bright images 
of objects. 
Fig. 277 represents another form of this apparatus, call- 
r---. A%^ ®^ ^ camera lucida^ used for sketch- 
-;|^k ing single objects and landscapes. 

f™fiiIJPl ^^ ^^^^ ^^^ ^^y^ ^^ light reflected 

/ ■/^» 1 from objects strike upon a mirror, 

f / j \ 1 A B, and are reflected through a con- 

S I I \ 1 vex lens, C D, upon white paper on 

J^^j I \ 1 the bottom, E F, of the box, where 

/^^ ! \ \ 1 the outlines of the images are traced 

/l\jiLj^ i \ \ ^y the sketcher. The light can en- 

^ It ' jr~^^"™""""'™'Tr ter only at the opening above, for on 

/ ^\ the side of the box which is open 

^' ' there hangs down a curtain on the 

back of the artist while he sketches. 

228. The Eye. — ^The eye is essentially a camera obscui*a. 
It is a dark chamber in which images are formed upon a 
screen in its back part, and the light which comes from ob- 
jects is admitted through an opening in front, where there 
is a double convex lens. The sectional drawing of the eye 
(Fig. 278) will enable you to understand the manner in which 
the images are formed. At a is the thick, strong white coat 
called the sclerotic coat, from a Greek word meaning hard. 
This, which is commonly called the white of the eye, gives 
to the eyeball its firmness. Into this is fastened in front, 
like a crystal in a watch-case, e, the cornea. The sclerotic 
and cornea make together one coat of the eye — the outer 
one. The cornea is the clear, transparent window of the 
eye through which the light enters. Next to the sclerotic 
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coat comes the choroid coat, b^ which is dark, to prevent 
too much reflection back and forth in the eye. The very- 
thin membrane, c, called the retina^ serves as a screen 
on which the images are formed. This is composed chief- 
ly of the fine fibres of the optic nervCy d. To return to 
the front of the eye where the light enters — behind the 
cornea is the tm, g g^ on which depends the color of the 
eye; this is immersed in a watery fluid,/, called the aqxic- 
ous humor. The light passing through the cornea and the 
aqueous humor, reaches the crystalline lens. A, which is a 
double convex lens. Passing through this and through 
a jelly-like substance called the vitreous humor, which 
fills all that large space, t, it strikes upon the retina, c, 
where it forms the images of the objects from which it 
came. These impressions are then transmitted to the brain 
by means of the optic nerve, d. 

You now see how the eye resembles a camera obscura : 
like the latter, it has the dark chamber with its screen ; the 
opening through the iris, the pupil, for the admission of the 
light ; and just behind this opening the lens for gathering 
or concentrating the light before it falls upon the retina. 
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The refi'action of the light is cot, however, wholly dae to 
this lens. Tlie projecting cornea, with ite coDtained aque- 
ous liumor, refi'acts it considerably, for it forms a convex 
lens. 

229. Dlatluot Vision. — In order that vision may be pet^ 
feclly distinct, it is necessary that the rays from each point 
of the object seen should, on Converging, meet together, or 
be brought to a focus on the screen of the eye, the retina. 
Thus, in Fig. 279, the rays from a, one end of the arrow, 
meet on the retina at b, 

> and those from c, the oth- 
end, aie brought to a 

' focus at d. The muscles 
^''''"*"" of the eye have the pow- 

er of adjusting the eye to objects at different distances, 
BO as in most cases to bring the rays together exact" 
ly at the I'etiiia. They fail to do it with objects that 
are very near. You can perceive that this is the case 
if you bring any object, as your finger, nearer and nearer 
to the eye. You will find that at length you cannot 
see it distinctly. The reason is, that the rays from it 
divei^e so rooch that the cornea and lens cannot make 
them converge enough to meet at the retina. This diver- 
gence of rays at diffei-ent distances is illustrated in Fig. 
280. When you look at a very mi- 
nute object, the nearer you bring it 
to the eye, the better you can see it, 
up to a certain point. There the 
rays are so divergent, as is evident 
in the figure, that the lenses of the 
eye cannot make them converge swf- ^' 

ficiently for distinct vision. The microscope assists the eye 
by causing these divergent rays to come neai'er together 
before they enter the window of the eye, the cornea. 
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Nearsighted and Far-sighted Eyes, — Some persons have eyes so shaped 
that they cannot fully adjast them to objects at diflferent distances. Thus, 
the near-sighted can see with distinctness only those objects comparative- 
ly close to the eye. This is because the rays converge too much, and 
are brought to a focus before 
they fall on the retina, as repre- 
sented in Fig. 281. The images, 
therefore, of distant objects are in- 
distinct. If the retina could in 
any way be brought forward a 
little, the difficulty would he ob- Fig. 281. 

viated. But since this cannot be done, concave glasses are resorted to, 
which counteract the effect of the too great refractive power of the eye. In 

the far-sighted the difficulty is 
of an opposite character. The 
refractive power is so feeble 
that when near objects are 
viewed, the rays are not brought 
to a focus soon enough, and 
fall at a point behind the reti- 
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na, as shown in Fig. 282. Convex glasses are used in this case, making the 
divergent rays of near objects less divergent before they enter the cornea. 

230. ImagCQ in the Eye Inverted. — ^The images formed on 
the retina are inverted. This can be proved by taking the 
eye of an ox and carefully paring off the back of it, leaving 
little else than the retina itself. Holding now a candle be- 
fore the eye, its image may be seen inverted upon the rear 
part. The question arises why is it that we see objects 
erect when their images on the retina are inverted ? On 
this point we will quote from Hooker's Human Physiology : 



(C 



It has been supposed by some that we really see everything reversed, 
and that our expeiience with the sense of touch, in connection with that of 
vision, sets us right in this particular. And this, it is supposed, is the more 
readily done from the fact that our own limbs und bodies are reversed as 
pictured on the retina, as well as objects that are around us, so that every- 
thing is relatively right in position. But if this be the true explanation, 
those who have their sight restored after having been blind from birth 
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should at first see everything wrong side up, and should be conscious of 
rectifying the error by looking at their own limbs and bodies. But this is 
not the case. The above explanation of erect vision, and other explana- 
tions of a similar character, are based upon a wrong idea of the office which 
the nerve peiforms in the process of vision. It is not the image formed 
upon the retina which is transmitted to the brain, but an impression pro- 
duced by that image. The mind does not look in upon the eye and see 
the image, but it receives an impression from it through the nerve ; and 
this impression is so managed that the mind gets the right idea of the rela- 
tive position of objects. Of the way in which this is done we know as little 
as we know of the nature of the impression itselfr'* 

231. Single ViBion. — Whenever we see any object with 
both eyes, an image is formed in each eye, and impressions 
pass from both eyes by the optic nerve to the brain. And 
yet these two impressions produce no double vision so long 
as the two eyes correspond with each other in situation. 
This is because the image in one eye occupies the same 
place on the retina as that in the other. The correspond- 
ence is ordinarily perfect, the two eyes turning always to- 
gether in the same way, upward, downward, or laterally, 
without the least variation. You can observe the effect of 
a want of this correspondence by pressing one of the eyes 
with the finger while the other is left free to move in obe- 
dience to the muscles. When this is done, every object ap- 
pears double, because its image occupies in one eye a dif- 
ferent part of the retina from that which it does in the oth- 
er, and hence two different impressions are carried to the 
brain. The same thing occurs in squinting, in which the 
action of the muscles of the two eyes does not agree. Or- 
dinarily in squinting there is no double vision, because the 
mind has the habit of disregarding the impressions re- 
ceived from the defective eye ; but when squinting occurs 
suddenly from disease, double vision ensues, for it takes a 
little time to form the habit referred to. 

232. Stereoscope. — The images of objects in the two 
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eyes, though always similar, are generally not precisely 
alike. They are so only when the object presents a simple 
plane surface, as in the case of pictures. When the object 
presents two or more surfaces to the sight, the images are 
more or less unlike. This can be illustrated in a very sim- 
ple way. Hold a book up straight before your eyes with 
its back towards you. You see the back and both sides. 
Now, if you shut your right eye, you will see with the left 
the back of the book and the left side ; that is, these two 
parts of the book are imaged on the retina of the left eye. 
By shutting the left eye it will appear that the image in 
the right is different, for you see now with the back the 
right side of the book. These simple phenomena underlie 
the principles on which the instrument known as a stereo- 
scope is constructed. In the right side of this instrument 
is placed the picture of the object as the object itself would 
appear to the right eye, and in the left side is placed the 
picture as it would appear to the left eye. Thus, if a book 
in the position alluded to above were the object, in the 
right picture there should be represented the back together 
w^ith the right side of the cover, and in the left the back 
with the left side of the cover. The two impressions, car- 
ried to the brain by the optic nerves, give together the im- 
pression of a solid book. The same principles apply to the 
representation of all solids in the stereoscope. 

233. Thaumatrope. — Each impression made upon the ret- 
ina by light lasts about one-sixth part of a second ; accord- 
ing to some, it is only one eighth or one eleventh of a sec- 
ond. No distinct impressions can be made, therefore, upon 
the retina unless they succeed each other with less rapidity 
than this. If, for example, in the revolution of a wheel, 
eight or more spokes pass by one point in a second, they 
cannot be seen as distinct spokes, but appear confused, 
producing one continuous impression. If a light be re- 
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volved 60 as to describe a circle in an eighth part of a sec- 
ond, it will appear to the eye as one unbroken circle of 
light. It is this persistence of impressions on the retina 
that makes small objects seen from a swiftly moving rail- 
road-car appear to ran in long lines along with us. This 
principle is made use of in the construction of a toy called 
the thaumatrope. Pictures are drawn on each side of a 
circular card, and when it is whirled around very rapidly 
by means of two strings fastened to it, the two pictures 

appear as one. Thus, 
in Fig. 283 are repre- 
sented the two sides 
of such a card, one 
side having the pict- 
^^' ^^' ure of a dog, and the 

other that of a monkey. When made to revolve rap- 
idly, the monkey will appear to be sitting on the back of 
the dog. Several other pieces of apparatus have been de- 
vised to illustrate the persistence of vision, such as the 
zoe trope, phenakistoscope, kaleidophone, etc., the popular 
expression "an optical illusion'' being commonly employed 
to explain this whole class of scientific toys. 

234. Deoomposition of 'White Light. — The manner in 
which light is refracted in passing from one medium to 
another of greater or less density has been explained in 
§ 220, but we must again return to the subject. Let A 6, 
Fig. 284, represent the section of 
a piece of glass having parallel 
surfaces. When a ray of light 
passes through at right angles 
to its suiface, as c d, it suffers 
no refraction ; when, however, it 
strikes the glass obliquely, as e f^ 
it is refracted both at f^ where it 
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enters the glass, and at g^ where it leaves it ; its course on 
emerging, g A, being parallel to its original path, ef, 
A piece of glass the section of which forms a triangle is 

ly used for decorating Fife'.285. 

chandeliers. When a ray of light passes through a prism, 
it is twice refracted, just as in passing througli a plate 
of glass with parallel surfaces, but, instead of issuing in a 

path parallel to that by which 
it entered, it is bent entirely 
out of its course ;, thus, the ray 
of light, d Cj passing through 
.ff the prism, ABC, Fig. 286, 
Fig. 28«. " takes the course d ef g. 

The explanation of this depends upon the fact already 
mentioned (§ 220), that a ray of light passing from a rare 
into a denser medium is bent towards the perpendicular, 
and from a dense into a rarer medium it is hent from the 
perpendicular let fall upon the surface. This will be easily 
anderstood by reference to Fig. 284, where the ray e/is 
bent towards the perpendicular if and from the perpen- 
dicular A; ^ as it respectively enters and leaves the dense 
medium. In like manner the ray d e^ entering the prism, 
ABC, Fig, 286, is bent towards the perpendicular, k e, and 
on emerging at f is bent from the perpendicular, i f thus 
purauing a very crooked path. 

When we make the experiment of passing a ray of %ht 
from a small orifice through a glass prism, we observe, how- 
ever, something more than the mere bending of the ray : we 
obtain a beautiful image, having all the colors of the rain- 
bow, called a spectrum. 
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Fig. 28T. 

Fig. 287 illustrates this dispersiofi of white light, as the 
phenomenon is called. Let the beam of sunlight, D E, pass 
through a small opening in a shutter into a dark room. 
The rays will pursue a straight course; and if a screen be 
placed at F, they will form a spot of white light. But if a 
glass prism, A B C, be held in the position represented, the 
rays will be refracted, and when received upon the screen, 
M N, the light will be decomposed into the various colored 
rays of which it is constituted. The whole beam is refract- 
ed for reasons just given, and the separation or dispersion 
takes place because the rays of different colors are unequal- 
ly refracted. If they were equally refracted, the light upon 
the screen would be white, as before the dispersion. The 
violet- rays are most refracted, the indigo next, the blue 
next, etc., the red being the least refracted of all. 

The light of the sun passed through a prism yields a so* 
lar spectrum, familiarly seen in the rainbow. When lights 
from other sources are similarly examined, different spectra 
are obtained characteristic of the sources. This fact gives 
rise to the science of spectrum analysis, which will be fully 
ex[4ained in the twenty-second chapter of Part II. 

234. Kecomposition of White Light. — The seven colors, 
violet, indigo, blue, green, orange, yellow, and red, are com- 
monly spoken of as the primary colors. It is more correct, 
however, to accept the number of colors as infinite, for 




they pass from one end of the Bpectium to the other 
through imperceptible shades. 

While, then, is, strictly speaking, not a color, bnt a com- 
binatiou of all colors: this is easily shown by another ex- 
periment. After decomposing light by passing it through 
a prism, we can combine the separated colois and form 
white light again. The manner in which this is done is 
represented in Fig. 288. The beam of light, after passing 
throngh the prism S A A', 
instead of proceeding in 
the direction indicated 
by the dotted lines to 
form the spectrum, is 
made to pass through the 
prism S'B B', placed in a 
reversed position, and its 
rays are refi-acted so as to assume their original relation, 
making a white beam, M. Here the second prism counter- 
acts the effect of the first, because its position is exactly 
the revei-se. Similar results are obtained by substituting a 
converging lens for the second prism. 

Sir I»iac Newton, who fii'st experimeoied on tbia subject, considered 

the decomposirion nnd the recomposition of light as affording proof tliat 

ivhite light containa seven colors. He tiied various esperiments to prove 

the same thing. Thns, he mingled to- 

getlier intimately eeven powders hnv- 

ing [ho seven piisniHtic colors, and found 

that the mixture hnd it grayish- white aa- 

g ; pact. He also pninted a circular board 

I with these colors, and found that on whirl- 

, ing it so rapidly that the colors could not 

be distinguished the whole board appeared 

lo be white. In order to succeed peifect- 

ly in this experiment a certain proportion 

■wa-iH between Ibe colors must be observed, as 

Fi2.aS9. indicated in Kg. 283. A lery pretty wnv 

P 
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of illastrating the composition of light is to spin a top painted in this waj. 
When the top whirls rapidly it is white, bat as it slackens its motion the 
seyen colors appear. 

The names of these seven so-called elementary colors can be easily re- 
membered by obsen'ing that the initial letters spell the meaningless bnt 
pronounceable word YIBGYOR ; thos : 
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235. Coloni of Objects. — The color of any object depends 
upon the manner in which it reflects light. Thus, if it be 
red, it reflects the red rays of the spectrum, absorbing the 
other rays ; and if it be green, it reflects the green rays, 
etc. If it reflect all the colors together, it is white ; and if 
it reflect none, or almost none, of the light, it is black. 

You can readily see why the color of an object varies 
with the kind of light that falls upon it. If an object 
which is red in sunlight be exposed to a yellow light, such 
as a yellow flame, or to sunlight that has passed through 
a yellow-colored glass or curtain, it loses its red color, 
for there are no red rays to be reflected to our eyes. A 
person expos^^d to such a light has a deathlike paleness, 
the lips and skin losing entirely their red color. This effect 
can be witnessed at any time by mixing alcohol with a lit- 
tle salt on a plate and setting Are to it, or by throwing salt 
into a coal fire : the other lights in the room should be re- 
moved to obtain the full effect. This explains also why 
the colors of goods examined in the evening, especially by 
candle-light, often differ somewhat from those which they 
have in the day. 

In some snbstances the colors are changeable with var}ing positions, 
though the light be the same. This is often seen in shells and minerals, 
as well as in some fabrics, as changeable silk. This is owing to the ar- 
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nuigement of the particles, by which variety in reflection results from 
changes of position. 

236. The Rainbow. — ^There is no more gorgeous display 
of colors than that sometimes seen in the clouds at morn- 
ing or evening. These colors are occasioned simply by 
refractions and reflections in the minute vesicles (§ 179) 
of which the clouds are composed. When, however, the 
moisture is condensed into drops, a still more magnificent 
spectacle results — the rainbow. 

The rainbow is produced by the action of light on the 
drops of falling rain; both reflection and refraction are con- 
cerned in its formation. Consider, for example, that which 
takes place in a single drop, represented in Fig. 290. The 
sunbeam, S, entering the drop 
at A, is refracted, and passes 
to B, at the farther side of the 
drop. Here a portion of it is 
lost by its proceeding on in 
the line B C. The remainder 
is reflected to D, and passes 
to E, being again refracted as ^^- *^- 

it passes out into a rarer medium, the air, thus produc- 
inor a single reflection and two refractions. But in the 
second bow, which is sometimes formed, there are two re- 
flections as well as two refrac- 
tions, as represented in Fig. 
291. The beam of light, S, 
from the sun enters the drop 
at A, is refracted, and passes 
^ to B. Here a portion pro- 
ceeds on in the direction B C ; 
the other portion is reflected 
to D. Some light is again lost by proceeding in the line 
D E ; that which remains is reflected to F. This shows why 
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tbe second bov ia not so bright as the primary one : in the 
latter there is bnt one reflection ia each drop, and there- 
fore loss of light occurs at bat one point ; while in the for- 
mer there are two reflections, and therefore loss of light at 
two points. 

237. ClrowmBtano— under whloh Raioboirs are Seen. — A 
rainbow is Been when the spectator stands between tbe sun 
and falling rain. This can rarely be done except in the 
latter part of the day. It Bometimes, though very rarely, 
happens that a Bhower pasBes from the east to the west in 
the morning, and then a rainbow can be seen in the west. 
Fig. 292 is intended to show under what circumstances a 
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rainbow is seen. Let a horizontal line be drawn from O, 
the observer, to P, a point directly under the middle point 
of the arch. If this line were prolonged behind the observ- 
er, it would extend precisely in the direction of the sun. 
That is, the sun is directly opposite the middle of the bow. 
Now, if the drop at A reflect a red ray to the eye of the 
spectator, all other drops similarly situated in the arch will 
reflect red rays. If B reflect a green ray, all other drops 
similarly situated will do the same. And so of C, reflect- 
ing the violet ray. For the sake of clearness only three 
reflections are represented, but the same is true of all the 
seven colors. In the secondary bow the arrangement of the 
colors is revereed, the red being at the inner part of the bow 
and the violet at the outer part. The double reflections are 
manifest in the drops D, E, and F. That which we have 
described as taking place in a few drops takes place in 
countless multitudes of them in forming the bow. Since 
the exact position of the rainbow depends not only upon 
the direction of the rays of the sun, but also upon the posi* 
tion of the spectator, it is clear that no two spectators see 
precisely the same bow, for the drops that form it for the 
one are not the same as those forming it for the other. This 
is very obvious if the two be quite distant from each other ; 
but it is equally true if they are very near together, although 
in this case the bow seen by one spectator would be very 
nearly coincident with that seen by the other. It is also 
true that the rainbow of one moment is not the rainbow of 
the next; for since the drops that reflect it are falling drops, 
there must be a constant succession of them in any part of 
the bow. 

Colors in Dew-drops and Ice Crystals, — We often see something very 
analogous to the rainbow in the dew. If we look at the dew-drops when 
standing with oar backs to the rising sun, we see all the colors of the rain- 
bow glistening everywhere before us, as if the grass were filled with gems of 
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every hue. This is occasioned bj refraction and reflection in drops of water, 
and the resemblance fails only in the regularity of arrangement which the 
rainbow presents. We see the same thing also if the ground is strewed with 
bits of ice which have fallen from the branches of the trees, and the sun 
shines aslant upon them. 

At the foot of Niagara Falls, when the sun shines favorably upon the dense 
mists, perfectly circular rainbows are seen, the spectator viewing the mist 
below him as well as that above him. The colorless halos seen around the 
moon are the result of reflections of light from the external surfaces of drops 
of water, without refractions. 

238. Heat, Light, and Chemical Rays. — According to the 
undulatoiy theory (§ 211), light consists of vibrations of 
an all-pervading imponderable ether ; and these vibrations 
have a wave-like character. It has been found that the 
rays of different colored light vary, both as regards the 
length of the waves and their velocity. Thus, the red 
waves are long and the violet waves short. Expressed in 
figures, the lengths are so small as to be entirely beyond 
our conception ; and yet by delicate operations, which we 
cannot explain in this elementary work, these marvellously 
small distances have been determined experimentally. The 
number of vibrations per second is so enormous, on the 
other hand, as to be equally beyond our comprehension. 
The length of the waves constituting red light is 620 mill- 
ionths of a millimetre, and the ether producing this light 
makes 614,000,000,000,000 vibrations in one second. Pass- 
ing from red to violet through the spectrum, the waves of 
each successive color are shorter and, shorter, and the num- 
ber of vibrations of the ether greater and greater, until we 
reach the violet, for which the following figures have been 
determined : violet lisfht has waves 423 millionths of a mil- 
limetre in length, and makes 752,000,000,000,000 vibrations 
per second. 

In this respect there is an analogy with both sound and 
heat. As mentioned in § 148, the vibrations which produce 
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sound are from 16 to 38,000 per second, the pitch depend- 
ing on the velocity. The temperlttuve also depends upon 
the rapidity of the vibrations of tho molecules of the bod- 
ies and of the surrounding ether; and now we learn that 
the coloi-s depend upon similar causes. The vibrations of 
the ether which produce light are, however, not the most 
rapid known: other rays exist which yield neither heat 
nor light, and the motions of which are far more rapid. 
The existence of these invisible rays is proved by the 
chemical effects they are capable of producing; they are 
consequently usually called cfismical raps. The term acti- 
nism is also used to express this form of force. 

When the combined rays of heat, light, and actinism are 
passed through a prism, they are dispei-sed in the manner 
shown in Fig. 293, the short rapid wares bending more 



than the long slow ones. Between H and R on the screen 
are invisible heat rays; between R and V the eoloi-s in 
their order; and between V and C the chemical raya, 
which are powerless to affect our eyes, but affect strongly 
certain chemical substances. It is these i-ays which do the 
work in photography. The chemical effects of light will 
be described in Part 11. of this series — Chemistiy. The 
heat, light, and chemical rays overlap each other, and are 
not terminated by sharp lines, as you might jadge from 
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Fig. 293. The maDner in which they are distributed is 
shown in Fig. 294, in wlRch the height of the curved lines 
represents the intensity of the rays at each point; the 
greatest heating effect being outside the red end of the 
visible spectrum, and the greatest chemical effect residing 
beyond the violet at the opposite end. 




Fig. 294. 

240. Crookes'B Radiometer. — The intimate connection between 
heat and light is manifested in the operation of an exceedingly carious lit- 
tle instrument recently invented by William Crookes, of London, which 
he calls a radiometer. It consists of two cross-arms of alaminum, which 
carry at their ends little thin plates of mica blackened on one side. The 
cross-arms are attached by melting to a vertical glass axis, which rests 

below on a steel point, ou which it tarns freely. 
The whole is placed in a glass globe, in which 
a vacaam has been made, so as to withdraw the 
resistance of the air. In this condition, when 
exposed to the light of a candle, daylight, etc., 
falling on one side of the apparatus, the arms 
commence to revolve, the clean side of the mica 
moving towards the liglit, while the velocity of 
rotation is more rapid in proportion as the light 
is stronger. Thus, for instance, when placed 
in the sunshine, the rapid rotation will at once 
be retarded when a cloud passes over the sun ; 
hence it is that Crookes called the instrument 
r a "radiometer," attribating its motion to the 
reaction of the reflection of the rays of light. 
Fig, 295. This explanation was not adopted by the ma- 

jority of savans, who did not see any foundation for it, bat found, by care- 
ful expenment and consideration, that the motion was dae to the action of 
heated rays in a rarefied gas. If, indeed, it were due to the reaction of 
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reflection, the polished side should move from the light, and the blackened 
side (which absorbs light) should move towards it ; but the contrary is the 
case, and the motion is evidently due to the heat developed in the black- 
ened side of the mica in the thin layer of rarefied air there, which by its 
expansion presses against this side, and, thus acting as a dilating spring, 
pushes it forward. 

Others add to this that a perfectly dry vacnnm is unattainable, and that 
therefore the watery vapor always condensed on the black pulverulent sur- 
face of the mica is evaporated by the least heat ; and when emitted, by its 
reaction pushes the black surface forward, the same as the air in the for- 
mer explanation. 



QUESTIONS. 

211. What was Newton's theory of the nature of light ? What is the un- 
dulatory theory? Show the difference between sound vibrations and those 
of light. Explain the terms wave-length and amplitude. Show the anal- 
ogy between heat and light. — 212. When is a body luminous? What are 
the sources of light ? What is said of chemical action as a source of light ? 
— 213. Define opaque and transparent. How may you see that light moves 
in straight lines? State various familiar recognitions of this fact. — 214. 
Illustrate the fact that the intensity of light is inversely as the square of the 
distance. How are lights of different intensities compared ? What is a 
photometer? — 216. What is said of the velocity of light in regard to ordi- 
nary distances ? How long is light coming from the sun to the earth ? 
What Is said of the light coming to us from certain stars ? Give the ob- 
servation of Roemer represented in Fig. 259. — 216. What is said of the 
reflection of light? What of its reflection in relation to seeing? — 217. 
What of the images formed in mirrors ? Show by Fig. 261 why the imago 
in a mirror seems to be at the same distance behind it that the object is 
before it. — 218. Explain the operation of the kaleidoscope. — 219. What 
are the chief kinds of curved mirrora? Explain the operation of a concave 
mirror. Explain that of a convex mirror. — 220. What is meant by the 
refraction of light ? Illustrate its refraction in passing from a denser into 
a rarer medium. Then from a rarer into a denser. How is the refraction 
in regard to a perpendicular in the two cases ? What is said of the refrac- 
tive power of different substances ? — 221. Explain dawn and twilight. Ex- 
plain what is represented in Fig. 267.-222. What are mirages ? Describe 
the mirage which occurred at Ramsgate. Describe that seen by Captain 
Scoresby. Relate the incident which occorred at New Haven. What is 

P2 
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said of mirages in deserts? — 223. Explain wha4 is meant by the visual 
angle. Explain Fig. 269.-224. What are lenses? What are the differ- 
ent kinds ? What is the difference of effect in convex and concave lenses ? 
Explain the effect of a convex lens on the visual angle. Upon what does 
the magnifying power of a lens depend ? — 225. What is said of micro- 
scopes and telescopes? — 226. Describe and explain the magic lantern. — 
227. Desciibe and explain the camera obscnra. Describe the arrangement 
of a camera for sketching. — 228. How is the eye like a camera ? Describe 
the arrangement of the parts of the eye. Show more fally the analogy 
between the eye and a camera. What is said of the influence of the 
cornea on the light? — 229. Show what is required for distinct vision. 
Show why it is that objects brought very near the eye are not seen dis- 
tinctly. What is said of the microscope? Explain the difficulty in the 
near-sighted. In the far-sighted. — 230. How can yon show that the im- 
ages of objects in the retina are inverted ? Give in full what is said of 
explanations of the fact that we see objects erect, notwithstanding this 
inversion. — 231. Explain single vision. By what simple experiment can 
you show the explanation of single vision to be correct? What is said 
of squinting? — 232. Explain the stereoscope. What is* said of distinct 
impressions on the retina? — 233. Explain the thaumatrope. Name 
other contrivances for illustrating the persistence of vision. — 234. Ex- 
plain the path of a ray of light through a piece of glass having parallel 
surfaces. What is a prism? What course does light take in passing 
through a prism ? Why ? What is a spectrum ? Explain the experiment 
showing the dispersion of white light. — 235. What is said of the i-ecompo- 
sition of decomposed light ? Give the illustration of the powders. The 
circular board. The top. — 236. What is said of the colora of substances ? 
What of the variations of these colors in different lights ? What of vari- 
ations with varying positions ? — 237. What of the colors of clouds ? Ex- 
plain the foimation of the first rainbow by Fig. 290. Explain the forma- 
tion of the second bow by Fig. 291. — 238. What is said of the circum- 
stances under which rainbows are seen ? Explain in full the formation of 
the two bows as illustrated by Fig. 292. What is said of the bow as seen 
by different persons, and at different moments by the same person ? What 
of rainbow hues in dew-drops and ice crystals ? — 239. In what respect do 
rays of different colors differ ? What is said of the analogy of sound, heat, 
and light ? What are chemical rays ? At which end of the solar spectrum 
are they situated ? Show how heat, light, and chemical rays are distribu- 
ted in the solar spectrum. — 240. Describe Crookes*s radiometer. What 
theories have been advanced to account for its motion ? 



ELBCTBICmr. 351 



CHAPTER XVin. 

ELKCTRICITY. 

241. The Effects of Electricity. — The ancient Greeks, so 
long as 2500 years ago, observed that when amber was 
rubbed with woollen cloth it acquired the singular proper- 
ty of attracting light substances — such as bits of paper, 
shreds of cloth, etc. The Greek word for amber being eke- 
tro7i^ the power thus excited has been called dectricity. 
Little else was known of electricity until about 280 years 
ago, when Dr. Gilbert, physician to Queen Elizabeth, showed 
that other subs^nces besides amber — such as glass, wax, 
sulphur, etc — possessed similar properties. Since then many 
philosophers have studied the remarkable phenomena ex-- 
hibited by electricity ; and, within comparatively recent 
times, it has become an important branch of natural phi- 
losophy. 

The precise nature of electricity has not been definitely 
determined. Various theories have been offered to explain 
its existence and effects, of which we shall have more to say 
later on. Meanwhile let us examine, experimentally, some 
of the facts for the explanation of which the theories have 
been propounded. 

The apparatus required to illustrate the fundamental 
facts of electricity is very simple and inexpensive. Any 
one provided with (1) a silk handkerchief or a woollen 
cloth, (2) a piece of sealing-wax, (3) a glass tube, (4) some 
round pieces of cork or of elder pith hanging from any sup- 
port by means of silk threads, (5) a common fire-poker, and 
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(6) a few wine-glaBses, can easily make himself acquainted 
with a large number of the effects of electricity. 

If you rub the stick of eealing-wax with the silk hand- 
kerchief, and then hold It quite close to some bits of paper 
or shreds of cotton cloth, the latter will be attracted to the 
sealing-wax, springing a short distance towards it, and then 
adhering feebly to its surface. Amber and many other 
substances act similarly. As already mentioned, this ex- 
periment is more than 2500 years old. 

Again, if you rub the well-dried glass tube or rod with 
the silk handkerchief, as shown in Fig. 296, and then hold 
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it near light articles, such as feathers, lint, bits of paper, 
etc., the glass, also, will attract them. Under favorable 
circumstances pith balls of some size will spring to the 
glass tube, as represented in Fig. 297, 

The force thus developed by friction is called electricity, 
and the tube, ball, or other object in which the electncal 
action is excited is said to be electrified. 
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We learn from the experimentB described that one of the 
most common effects of electricity is attraction; another 
simple experiment will show that sometimes, however, repid- 
sion is produced by 
electricity. Suspend 
the pith ball by a 

silk thread, and at- l 

tach it to a glass rod \ 

inserted into a, hot- \ 

tie (filled with sand \ 

to make it stand ■ 

firm) ; and then, bav- " 

ing rubbed the glass 
tube with the silk 
handkerchief, bring 
it near the ball, as 
represented in Fig. 
298. The pith ball 
will be drawn tow- i 
ai-dsthe tube and fol- 
low it when the lat- 
ter is moved about ; 
if, however, the ball '^' 

be allowed to touch the tube, then in an instant the ball 
will be repelled by it, and when the tube is moved the 
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ball will try to escape toaching it, and run away from it 
as if endowed with life. 

After the ball has touched the electrified tube, it be- 
comes itself electrified, and will attract any light object 
(as another ball) brought near it. So soon, however, as the 
two balls have touched each other, they will repel mutual- 
ly, just as the glass tube and first ball do after contact. 
If either electrified ball be touched with the ^ngevy it loses 
its electricity. 

The following experiments will illustrate another point. 
Support the iron poker on two wine-glasses, and attach two 
pith balls by linen threads, or a fine wire to one end of the 
poker ; then touch the other end with the excited glass 
tube, and the two balls will fly apart, showing that the 
metallic rod has permitted the passage of the electricity 
throughout its length. By this we learn that some sub- 
stances act as conductors of electricity, while others are 
non- conductors. The wine-glasses, being non-conductors^ 
form a suitable support for the poker and prevent the es- 
cape of the electricity. 

All these experiments can be made with the silk hand- 
kerchief itself as well as with the glass tube. The effects, 
however, are far more feeble, and much care is necessary to 
obtain them. This singular difference, moreover, is notice- 
able : objects which are attracted by the glass are repelled 
by the silk, and those repelled by the glass are attracted 
by the silk. One of the rubbing bodies appears to gain 
that which the other loses. 

Suppose, again, you rub the stick of sealing-wax with the 
silk or woollen cloth and hold it near a pith ball previously 
electrified by the glass tube ; the ball will be attracted ; 
and if you bring a glass tube, nibbed as before, near a ball 
electrified by the sealing-wax, this ball will also be attract- 
ed. Lastly, if you electrify one pith ball by means of seal- 
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ing-wax and the other by means of glass, the two balls will 
attract each other. There seem, then, to be two kinds or 
states of electricity having attraction for each other, but 
each repelling itself. 

242. Theories of ZSlectricity. — To account for these and 
other phenomena, several theories have been proposed. Ac- 
cording to one, electricity is an imponderable fluid exist- 
ing in all bodies to a greater or less degree, according to 
their capacity for electricity. While a body is in its usual 
state there is no manifestation of electricity. Tlie fluid is 
in a quiescent condition, because its particles are prevented 
from repelling each other by the attraction which exists 
between them and the particles of the substance. But this 
quiescence can be disturbed by friction and other causes. 
Thus, if a glass rod be rubbed with a piece of silk, the nat- 
ural equilibrium is disturbed, the glass having an excess 
and the cloth a deficiency of electricity. The glass is there- 
fore said to be positively and the cloth negatively electri- 
fied. The equilibrium can be restored in the case of a posi- 
tively electrified body by having its excess drawn ofl*, and 
in the case of a negatively electrified body by having its 
deficiency made up by receiving electricity from other bod- 
ies. This was Franklin's view, and is known as the single^ 
fluid theory ; opposed to this is the twofluid theory, which 
supposes the existence of two electric fluids which, like an 
acid and an alkali, neutralize each other when present iu 
equal quantity, but which have a strong attraction or affin- 
ity when separated ; while, on the other hand, the particles 
of either fluid are repellent to each other. When friction 
or other cause excites electrical action, the two fluids are 
separated and become evident to the senses. This theory 
seems to explain the fact that sealing-wax and glass, or the 
glass and a silk handkerchief, develop respectively electric- 
ities of a different character ; and hence the electricity ex- 
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cited by friction of sealing-wax received the name resinous 
electricity, and that of glass vitreous electricity. The 
names positive and negative are also applied to vitreous 
and resinous electricity, these appellations being borrowed 
from the single-fluid theory of Franklin. 

As we have already seen in the case of both heat (§ 165) 
and light (§ 211), the theories based upon the existence of 
imponderabk fluids have little by little been discarded, and 
eventually gave way to the dynamical theory, or theory of 
motion. 

In the same way the fluid theories of electricity have 
been abandoned, and it is now regarded as a mode of force 
operating on ordinary matter, the molecules of which it 
arranges in a definite direction. Moreover, it is converti- 
ble into the other modes of force — heat, light, magnetism, 
and chemical attraction. 

Many of the terms commonly used in explaining the facts 
of electricity are, however, derived from the fluid theory, 
and still maintain their hold on the language of electri- 
cians. Thus the expressions " currents," " charged with 
the electric fluid," are remains of the abandoned theories. 

243. Positive and Negative Electricity. — ^The terms posi- 
tive and negative are retained as convenient for expressing 
the character of the electricity developed. Whether one or 
the other is excited depends upon the nature of the rubber. 
Thus, smooth glass rubbed with woollen cloth or silk will 
be positively electrified ; while if :t be rubbed upon the 
back of a cat, it will exhibit negative, or resinous, electric- 
ity. If a resin, as gumlac or sealing-wax, be rubbed with 
silk or woollen cloth, it will be charged with negative, or 
resinous, electricity ; but if it be rubbed with sulphur, it 
will be charged with vitreous, or positive, electricity. The 
terms vitreous and resinous are therefore incorrect, for they 
are based upon the idea that one kind of electricity is always 
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excited on glass, with whatever substance the friction may 
be made, and that the other kind is always excited on resins. 
The most decided illustration of the incorrectness of these 
terms we have in the fact that while smooth glass rubbed 
with silk or woollen cloth becomes charged with positive 
(vitreous) electricity, roughened glass rubbed with the same 
gives us negative (resinous) electricity. Below is a list 
of substances any one of which develops positive electrici- 
ty when rubbed with any substance below it, and negative 
when rubbed with any substance above it : 

1. Cat-skin. 7. Silk. 

2. Polished glass. 8. Sealing-wax. 

3. Woollen cloth. 9. Amber. 

4. Feathers. 10. Roughened glass. 
6. Wood. 11. Sulphur. 

6. Paper. 

As a result of experiments mentioned in the latter part 
of § 241, and of the facts just mentioned, the following law 
has been established: substances charged with like elec- 
tricities repel each other, while those charged with unlike 
electricities attract each other. By like electricities is meant 
those having similar names, whether the terms used are 
positive, negative, vitreous, or resinous. Thus, a pith ball 
negatively electrified repels another ball charged with the 
same kind of electricity, and attracts one positively elec- 
trified. 

244. Electricity Everywhere Active. — Electricity exists in all 
substances, each having its own capacity for it, but in the usual condition of 
substances the electncity is in a state of equilibrium, and therefore of quiet. 
We see this quiet disturbed during a thunder-storm, when we rub glass or 
silk, or a cat s back, or when we work an electrical machine. But the ac- 
tive state of electricity is not limited to such palpable demonstrations as these. 
Electricity is undoubtedly in action everywhere and always, although we 
can seldom appreciate and measure its action. Wherever there is motion 
the equilibrium of electricity is disturbed, and there is a consequent return 
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to this eqailibriam. And this change from the one state to the other mast 
be the constant cause of important changes and operations in the world 
aroand us, and in our own bodies. Let us look at some of the indications 
of this universality of electrical action. Friction constantly awakens it. 
The friction of the belts upon the drums in cotton factories develops it quite 
freely. Every stroke of India-rubber upon paper as you erase a pencil-mark 
excites electricity. The blowing of air upon glass does the same, as well 
as the blowing-off of steam from an engine. Electricity has been excited 
even upon ice by rubbing it when cooled down to —25° Centigrade. Ex- 
periments upon the air have shown that there is usually some free electricity 
in it, the atmosphere being generally in a positive state, especially when the 
air is dry and clear. It is constantly generated from one source and an- 
other. It is generated everywhere by evaporation. Every gust of wind, 
causing friction of the particles of the air upon various substances, gener- 
ates it. Chemical action, as you will learn in another chapter, generates it 
everywhere. It is produced also in the operations of life, and in some an- 
imals there are special organs — electrical batteries — for the generation of 
this mysterious force. 

245. Conductors and Non-Conductors. — Electricity passes 
over the surface of some substances very readily; while 
over others it moves with very great difficulty, and there- 
fore very slowly and sparingly. The former are termed 
conductors, and the latter non-conductors. As in the case 
of heat, there are no perfect non-conductors. The best of 
all the conductors are the metals, those least liable to oxida- 
tion being the most perfect. Next come charcoal, water, 
living substances, flame, moist earth, ice. The best non- 
conductors are dry air and gases. Then come gumlac and 
gutta-percha, amber, resins, sulphur, glass, silk, wool, hair, 
feathers, cotton, paper, leather, porcelain, marble, and oils, 
very nearly in the order named. Non-conductors are some- 
times called insulators (from the Latin word insula, an isl- 
and), as they serve to confine electricity within certain 
bounds and prevent its escaping. Thus in the experiments 
with pith balls already cited, the silk threads by which they 
are suspended prevent the escape of electricity. The glass 



ELBCTBICITY. 359 

knobs on which the wires of the telegraph rest are insula- 
tors, preventing the electric fluid from escaping down the 
poles into the ground. 

Electrics and Non- Electrics, — ^It will be observed, on looking over the 
list of conductors and non-conductors, that among the non-conductors are 
those substances in which electricity is easily excited by friction, such as 
glass, amber, silk, etc. These were therefore called electrics. The con- 
ductors, on the other hand, were called non-electrics, it being supposed that 
electricity could not be excited with them. But this has proved to be 
incorrect. For example, if a metal be insulated by being placed on a pil- 
lar of glass or of gumlac, so that the electricity, when excited, cannot pass 
off readily, its generation can be made manifest. It is probably true that 
every substance is more or less an electric, it being difficult to make this 
manifest in the case of conductors, because the electricity passes off as fast 
as generated. 

246. Electricity Always on the Surface. — ^There is a mark* 
ed difference between heat and electricity in the manner in 
which they are distribated. Heat pervades all the particles 
of substances, and by conduction spreads through them, 
while electricity in its ordinary movements operates alto- 
gether on the surface. A hollow ball, therefore, can contain 
as much electricity as a solid, and a hollow conductor of 
electricity is just as ef- 
fectual as a solid one. 
The following experi- 
ment exhibits in a very 
striking manner this 
disposition of electric- 
ity to occupy the sur- 
face alone. Fig. 299 
represents a hollow 
metallic ball support- 
ed by a glass stand, 
and two metallic caps 
which will just cover Fig. 299. 
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tbe ball, having non-conducting handles, of either glass or 
gumlac. Now, after having charged the ball with elec- 
tricity, let the caps held by the insulating handles be care- 
fully placed over the ball. On withdrawing them, it will 
be found that the electricity of the ball has all passed to 
the outer surface of these caps. 

The illustrious Faraday devised 
another simple and ingenious ex- 
periment to show that electricity 
does not penetrate into the mass of 
a body. Fig. 300 represents a con- 
ical sack of woollen gauze attach- 
ed to a metallic nng, which is 
supported on an insulating stand. 
A silk thread is fastened to the 
point of the cone by means of 
which the bag may be turned in- 
side out. When the conical sack 
is charged with electricity, the 
outer surface only is found to be 
electrified ; and if the bag be turned inside out, the exterior 
will again be the only portion containing electricity. 

Electricity spreads or dis- 
tributes itself uniformly over + 
the surface of a body only 
when that body has the form 
of a ball or sphere. When a 
body having the oblong form 
(shown in Fig. 301) is charged 
with electricity, the greatest 
density of the fluid (borrow- 
ing a phrase from the fluid 
theory) is at either end. This 
is said to result from the re- Fig.aoi. 
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palBion of the Said in the centml part of the body. The 
signs + and — placed at either end signify that one end is 
charged with positive and the other with negative electricity. 
This method of arrangement is sometimes called polarity. 
When a body smaller at one end than at the other is charged 
with electricity, the latter accumulates at the smaller end ; 
and if thi^ be a point, the density becomes 'so great that 
the electricity is forced into the air and gradually escapes. 
Hence, apparatus intended to confine electricity to its sur- 
face is generally provided with knobs at terminal points, 
and apparatus for collecting or discharging electricity — 
such as lightning-rods — is furnished with sharp points. To 
this we shall again refer in § 250. 

247. Induction. — The esperiments described in § 241 
teach us that a body may be electrified by friction and by 
contact with an electrified body. Besides these two ways, 
however, bodies in their iisnal state may be electrified by 
influence without contact: this is known as induction. 



Fig. 302 will aid in illustrating this subject. B i-epresents a 
metallic sphere insulated by a glass support, and charged 
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with positive (+) electricity; a b represents a metallic cylin- 
der insulated in the same manner, to which pith balls are 
attached by silken threads. Now, if R be placed near a b, 
but not near enough for the electric spark to pass from one 
to the other, it will destroy the equilibrium of the two 
electricities in a b — the negative electricity being accumu- 
lated at the ehd near the sphere R, and the positive at the 
remote end. This is because the positive electricity in R 
repels its like in a 6, and attracts the unlike fluid. The two 
pith balls at the positive end repel each other because they 
are charged with the same electricity, and the balls at the 
negative end are mutually repellent for the same reason. 
But balls hung from the middle would not be affected, be- 
cause they are on middle ground between the two electrici- 
ties. There is no communication of electricity from R to 
a d,but only an influence upon the quiescent balanced elec- 
tricities of a b. Accordingly, if the surplus electricity of 
R be discharged by putting the hand or any good conduct- 
or upon it, the influence will cease, the equilibrium in a b 
will be restored, and the pith balls will all hang straight 
down. The same effect will be produced if R be with- 
drawn to a distance from a b, and the influence will be re- 
newed if R be brought near again. 

If instead of one cylinder we should use two placed in 
contact, the negative electricity would accumulate in one 
and the positive in the other; and if the two cylinders be 
suddenly separated, one will be found charged with nega- 
tive and the other with positive electricity. If a pane of 
glass be held between R and a b (Fig. 302), the induction 
ensues notwithstanding the intervening insulator. This is 
additional proof that the electricity does not actually pass 
from one body to the other. 

Electroscope. — The pith balls serve as tests of the presence of electricity; 
but a far more delicate means is supplied bj the simple instrument known 
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BS the gold-kaf elecirotcope. As shown in 
Fig. 303, it consists of nn iosulnCed glass 
-vessel into wiiich a metallic rod is (usiened, 
tenniaating at the exterior portion in a 
knob, and having two pieces of thin gold- 
leaf attached to the end within. A band of 
tinfoil is glned to the outeide of the glass 
sphere. When an electrified bodj is brought 
near the knob of the electroscope, the gold 
leaves fly apart, owing to induced electricitj. 
The amount of divergence is, to a ceitain 
extent, a meaanre of the force of the electric 
char^ When used for this parpose the in- 
strument i* called an eUclronieler (§ US). ^ 
Moreover, when a bodj liaring like elec- 
tricity is brought near the electrified leaves, 
iha divergence increases; and if a bodj 

charged with electricitj of a conlrnrj character, the leaves full together. 
Hence the electroscope may he used to determine the kind of electricity 
excited in any substance. 

248. Tbe Electrical Machine. — You aie now prepared to 
understand the operation of the common frictional eleutri- 
oal machine. There are two kinds — the plate and the cy- 
lindrical; hut they aie 
both eon str acted on es- 
sentially the same prin- 
ciple. Fig. 304 repi-e- 
sente a plate machine. 
P is a plate of glass 
which can be revolved 
by means of the crank, 
M ; K and K are i-ub- 
I be rs of silk, the pressure 
of which is regulated 
by screwy These rub- 
JUg-tot. bers are connected by 
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the support, m, and the chain, T, with the floor ; or, in other 
words, with the earth. O and C are the so-called prime 
conductors — hollow cylinders — of brass, insulated by the 
pillars of glass, V V V V. These conductors terminate at 
the ends next to the glass plate in rods bearing sharp 
points, F and F', which serve to collect the electricity ex- 
cited by friction on the glass plate. Certain portions -of 
this plate are covered with envelopes of silk, which, being 
non-conductors, prevent the electricity on the glass from 
being lost in the air, and also serve to keep the plate free 
from dust. The rubbers are cushions of horse-hair covered 
with leather, and coated with a mixture of 1 part of tin, 
1 part of zinc, 2 parts of mercury, and sufficient lard — this 
amalgam being found very effectual in exciting electricity. 

The operation of the machine depends, first, on the devel- 
opment of electricity by friction, and, secondly, on induction. 
When the glass plate is revolved, the friction of the rubbers 
causes positive electricity to collect upon the glass and neg- 
ative upon the rubbers. The former acts by induction on the 
prime conductor, and the latter is carried off by the chain 
to the earth. Thus the conductor loses its negative electric- 
ity, and gives up positive electricity in sparks to any other 
conductor held near it. "No actual transfer of electricity 
from the plate to the conductor takes place ; there is mere- 
ly a change in the equilibrium of the two electricities. 

The intensity of the electricity on the prime conductor 
may be roughly determined by means of the small electrom- 
eter B (Fig. 304), consisting of a pith ball hanging from an 
upright rod. As with the electroscope, the greater the in- 
tensity of the electricity, the farther will the pith ball di- 
verge from the perpendicular. 

The cylinder machine is much older than the plate machine 
just described. The first electrical machine was construct- 
ed about 1650, by Otto von Guericke, the inventor of the 



air-pnmp. A common form of 
tlie cylinder machine is shown 
in Fig. 305, The glass cylin- 
der, a a, can be turned rap- 
idly by the multiplying- wheel, 
b b. Al c is a piece of silk, i 
and on the rear part of the 
cylinder is the rubber. At d 
ia the prime conductor, insu- Fig.sos. 

lated by the glass sup-nrt, e. Its operation is precinely 
similar to that of the plate machine. 

219. Ezpetimants wltb the Elect. leal Uachlne. — ^Tfae fii'st 
thing noticeable about an electrical machine, when in full 
operation, is the EnccesEioii of vivid sparks which leap 
with a crackling sound from the rubber to the prime con- 
ductor. If any conductor bo brought near the end of the 
prime condnctor, the electricity darts to it at intervals with 
a loud snap. These eparks passing to the hand of a person 
standing by produce a keen pricking sensation, or perhaps 
a painful numbness along the arm. 

jTAe Xnsulatinrj- Stool. — If a pcraon stand on a wooden 
stool Bnp])orted by glass legs 
(Fig. 306), and 
hold in bis hand 
a chain connect- 
ed with the prime 
conductor, lie will 
Fis-siN- become highly 

charged with electricity. His hair will 
stand up on his head, and he will be able 
to give electric shocks to other persons 
from any part of his body. Small comic 
figures charged with electricity present the 
appearance shown in Fig. 307. Y\z.zm 

Q 
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Other Experiments. — ^Let a metallic plate, a, Fig. 308, be sus- 
pended by a chain to the prime conductor, and another plate, 6, 
be supported upon a conducting stand. If figures of paper or 
pith be placed between these plates, as the machine is worked, 
they will move about briskly between the plates, being alternate- 
ly attracted and repelled by the communication of the electricity. 

The experiment represented in Fig. 309 •'T>«, 

is a very beautiful one. Let a 5 be a brass ^^ f c \ b^ 
rod with an arch, ^, by which it can be 
suspended from the end of the prime conductor. 
To this rod are suspended three bells, the two outer 
ones by chains, and the middle one by a silk thread, 
c/; also two clappers, d and c, by silk threads. The ™^" 

middle bell has a chain, /, connecting it with the table — that is, with the 
earth. The operation of the apparatus is as follows : As soon as the outer 
bells become electrified, they attract the clappers ; these, on touching the 
bells, receive a portion of their electricity, and are repelled. They therefore 
strike against the middle bell, to which they impart the electricity received 
from the outer bells. They then swing back again in the same state that 
they were in at first, and are attracted again by the outer bells. This 
goes on so long as the electricity is communicated. 
Paste upon a slip of glass a continuous line of tinfoil, going back and 

forth as represented in Fig. 310, and con- 
nect a ball, G, with one end of the foil. 







::=:=: =.'= :=:=:=r=^ 1 Then make the word light upon it bv 

cutting out with a sharp knife little por» 
tions of the foil. Placing your finger 
on one end of the line of foil at a, present the ball G to the prime con-* 
ductor, and the electric fluid will run along the whole length of the line 
from G to a. In doing this the letters are beautifully illuminated, a spark' 
being produced at each interruption of the line. So rapid is the pas- 
sage of the electricity that the whole appears to the eye simultaneously 
illuminated. 

260. Electricity Discharged from Points. — We have al- 
ready ( § 246 ) spoken of the readiness with which elec- 
tricity is received by points. It is discharged from them 
with equal readiness ; so that if a metallic point be at- 
tached to the prime conductor, the electricity will be 
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carried off into the air nearly as 
fast as received; and in passing off 
it creates a current. The reaction 
of the air upon the electrical cur- 
rents can be very prettily exhibit- 
ed with the apparatus represented 
in Fig. 311, which consists of a cap, 
resting upon the point of a rod, 
and having pointed wires branch- 
ing out from it in a wheel-like ar- 
rangement. You observe that the 
points are all bent one way. If this 
apparatus be set upright upon the 
prime conductor, the wheel can be 
made to revolve rapidly by working 
the electrical machine. In the same way that the reaction . 
of the air against gases issuing from a rocket makes it rise, 
reaction against the electricity issuing from these points 

causes the circular motion. If electricity 
be discharged from a point in a darkened 
room, it appears like a brush of light, as 
represented in Fig. 312. 

251. Leyden-Jar. — The Leyden-jar is a 
contrivance for storing up or accumulating 
electricity. It is so named because the 
principle upon which it was constructed 
Fig. 312. ^yjig discovered in Leyden, Holland. An 
experimenter endeavored to charge with electricity a vial 
of water: after passing many sparks into it through a 
brass rod placed in the vial, he took hold of the knob 
and received a very severe shock. Subsequent experi- 
ments showed that the charge was not in the water, and 
that a metallic coating within and without the glass pro- 
duced better effects. A common form of the Leyden-jar is 
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shown in Fig. 313. It consists of a 
glass jar, B, coated within and without 
to near the top with tinfoil, and hav- 
ing a metallic rod passing throngh 
the cork, with one end tonching the 
inner coating, and the other surmount- 
ed by a brass ball or knob, A. The jar 
is chained by holding the knob near 
the prime conductor of an electrical 
' machine in operation. The electricity 
passes by the metallic rod to the in- 
FifrBis. gjjg coating of the jar, and acconin- 

lates there. This is positive electricity. In the meantime 
negative electricity accumulates on the outside coating, In- 
duced by the positive electricity within. The positive and 
negative electricities are prevented from uniting by the 
non-conducting glass between the two metallic surfaces. 
If a slip of tinfoil wera made to connect the inside foil with 
the outer, there would be no accumulation of electricity on 
the inside, for as fast as it passed from the prime conductor 
to the inside it would pass out over the bridge of foil to 
the outside, and down your arm and body to the earth. 

If ihere were no communication of the outside with (he earLli, the jar 
vould not be charged. Ko electricity would pasa to it, because the poai- 
vivB oiecCticitr which is on the outEide cannot be driren off, nnd no nega- 
tive eleclricitj can be received. To make this plain, sujipose that the jnr 
o, Fig. 314, be snspeniled to the prime condnelor, 
b. By this arrangement the inside linfuil is < 
nectei] with the source of positive electricity nnd ' 
the onC«de is insulated. No electricity can pass 
fmm it or to it. It has both positive and negative 
electricity, but Ihey are in equilibrium. If ihere 
were a preponderance of negative electricity there, 
it would attract positive electricity to it as near ns 
possible, nnd the latter ivould enter the jnr fiom 
(he condui-loi'. But there is no such prepondernn 
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may enter — ^a spark or two — there will not be enough to charge the jar 
sensibly. But bring now another jar, c, near to the outside coating of a, or 
connect the outer coating with the ground by means of a chain, and there 
is a movement at once in the electricities. The positive electricity has a 
chance now to pass off from the outside of a to the inside of c, leaving 
therefore a preponderance of negative electricity on the outside of the jar. 
(See § 2480 

252. Dischargee of the Leyden-Jar. — The jar may be dis- 
charged by making a communication between the inside 
and outside by means of any conductor. This may be done 
with the discharscinij-rod, Fisj. 315. This consists of two 
slender metallic rods, with brass knobs at their 
ends, and jointed at a, so that the knobs can be 
separated to different distances. The handle is 
made of glass, so that none of the electricity 
passing through the rods may be communicated 
to the hand. In discharging the jar one knob is 
placed upon the outside foil, and the other is 
brought near to the knob of the jar. Discharge 
follows, electrical equilibrium is restored, and a 
bright flash is produced, going from the knob of 
the jar to that of the discharging-rod, and this '** 
is accompanied with a report. You can yourself be the 
conductor to discharge the jar. If you place one hand 
upon the outside of the jar, and bring the other near its 
knob, the fluids will meet in you as they do in the dis- 
charging-rod, and a shock will be experienced in proportion 
to the amount of electricity in the jar. Any number of 
persons can simultaneously receive the same shock. To do 
this they must join hands, and the person at one end of the 
row must touch the knob of the jar while the person at 
the other end has his hand upon the outside. 

You may touch either the knob of the jar or the 
outside coating separately^ and the power in it remains 
quiet; but the moment you touch both it bursts forth. 




because a bridge ia made over which tho electricity can 
pass. 

la a di^' air tlie charge id tlie jar can be Tetwned for some time, Che 
communicndon becween Che two electiic fluids being very slow through the 
medium of nir. It la otherwise when there is much moisture in the air, for 
water is a good conduclor. For this reason, if 7011 let the moisture fi'om 
jour brentli come upon the jar between the outside coating and tlie rod, 
the jar will be discharged won, though imperceptibly, the moisture making 
ecu the inner and outer electiicities. 



Electrical Battery. — By corabiuing together a num- 
ber of jai-s, liaving ttie insides all counected together, as 
seeu in Fig. 316, with 
metallic rods, and the 
ouUides connected 
together in a eimilar 
manner, we form what 
is termed an electric- 
al battery. Withsuch 
an arrangement we 
can accumulate a 
large amount of elee- 
tiicity, which can be 
discharged in essen- 
tially the same way 
as in the case of the single jar. Persons experimenting 
with a large battery are obliged to exercise care in avoid- 
ing an accidental discharge of the whole electricity through " 
the body, the effects of which are very uncomfortable, if not 
positively injurious. 

253. Light of Electricity. — The light produced by elec- 
tricity is not occasioned by anything like combastion. It 
depends obviously upon tho resistance offered to its pas- 
sage. Thus, when the electnc fluid passes through air 
from the prime conductor to the knob of the Leyden-jar, 
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it causes a flash of light ; but when it arrives at tlic knob, 
the flash ceases. What is the reason of the difference ? In 
both cases it meets the resistance of the air, for when it 
reaches the knob it passes over the surface of the knob and 
rod ; but in the latter case it is so diffiised over the metal- 
lic surface that it meets with much less resistance from the 
air. By experiments with the air-pump it is found that the 
denser the air, the more vivid the spark; and if electricity 
be passed through a glass vessel exhausted of air, it forms 
streams of light resembling the aurora boreal is, which are 
so strikingly in contrast with the vivid flashes of the light- 
ning. In the experiment, § 249, in which the word light is 
made by the passing electricity, we have a striking illus- 
tration of the production of the spark by the resistance of 
the air. If the foil were one continuous surface, the elec- 
tricity would be diffused over it without giving any light. 
It is only where the electric fluid leaps through the air 
from one portion of foil to another that light is seen. 

254. Otber Phenomena of Electricity. — The report of elec- 
tricity is a sort of crack or snap from the sudden condensa* 
tion of the air by the rapid passage of the fluid. The roll- 
ing of thunder is occasioned by the reverberation of the 
first ^sound amons the clouds. The nearer the flash, the 
more like a crack is the first sound which reaches our ears. 

Mechanical Effects. — When any great amount of elec- 
tricity meets in its passage with any imperfect conductor, 
it does much violence to it. Thus it rends wood, scatters 
water, breaks glass, etc. Various experiments illustrate 
the manner in which mechanical effects result from elec- 
tricity. Thus, if it be passed through a card or several 
leaves closely pressed together, a burr forms on each side 
of such a character as to show that two forces moving in 
opposite directions have forced their passage. 

Ftoduction of Heat. — Electricity always produces in its 
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passage a certain amount of heat, probably by its me- 
chanical effect. When diffused over a lar2:e conductini; 
surface, the heat is not noticeable ; but if confined to 
the surface of a small wire, the heat may be sufficient 
to melt or even burn it. Various effects can be pro- 
duced by the heat thus caused by the passage of elec* 
tricity. Gunpowder may be exploded by it. Alcohol 
and ether may be readily ignited by it, especially the 
latter. Gas can sometimes be lighted by touching with 
the finger an opened burner after walking across the room 
two or three times briskly, rubbing the feet upon a thick 
carpet. 

The convertibility of the three forces — heat, light, and 
electricity — is illustrated by the phenomena above dc 
scribed ; they are all modes of motion. (See § 166.) 

255. Franklin's Discovery. — It had very early been conjectured 
that the electricity produced by the electrical machine is identical with 
lightning ; but it was reserved for our countryman Benjamin Franklin to 
prove t!ie fact. He thought of making use in his investigations of a tall 
spire which was erecting in Philadelphia (in 1752), but before it was com- 
pleted the sight of a boy's kite in the air suggested to him another plan. 
He made a kite by stretching a silk handkerchief over a frame, and raised 
it during an approaching thunder-shower, his only companion being his son. 
Having raised the kite, he attached to the end of the hempen string a key, 
and also a silk ribbon, by which he insulated his apparatus, as seen in Fig. 
317. He then watched with much anxiety the result. A cloud arose, 
which he supposed, from its appearance, was well charged with electricity, 
and yet no effect was seen. Franklin began to despair ; but at length he 
saw some loose fibres of the hempen string bristling up, and, applying his 
knuckle to the key, received just such a spark as he had often received 
from the conductor of an electrical machine. The discovery was accom- 
plished, and Franklin was at once overcome with emotion at the thought 
of the immortality which it would give his name. The fame of the dis- 
covery, made in a manner so simple and yet so original, spread everywhere, 
and prompted to many experiments by other philosophers. One, Professor 
Richman, of St. Petersburg, fell a victim to his investigations. While 
attending a meeting of the Academy of Sciences he heard the sound of 
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distant thunder, and hnstened home tri mnke some obsai'vntions nilh nn 
nppBTHtaa which he had erected. While doing this a charge of eler- 
Iriciij flashed Troni the conducting- rod, and, piercing hia head, kilted 
him instantl}'. Hia aa^tant, who stood near, was struck down, and re- 
mained senseless for gome time, and the door of the room was torn fiom 

£66. UghtnlDK-Roda.— The diacover; of Fmnhtin led to the cnsiom 
of attaching Hghtning-rods to buildings. The ohject of n lightning-i'od is 
to conduct nnf elcclricit? in a, cloud that may come over the building 
down inlo the ground. For this pnrpose the rod should terminate in 
the nir in points, as these readily receive the electric fluid (§ 2fiO). The 
rod should be separated from the house by glass supports, and it should 
pass so Eir into the ground as to terminate in moist earth. The poinig 
should be gilded in order to be preserred from corrosion, or they mnjr 
be imide of ^Iver or platinum. Lightning-rods ara undonb:edly ofren of 
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service when there is no obvious passage of the lightning down them, by 
quietly and continuously receiving electricity upon their points, and pass- 
ing it down into the earth. 



QUESTIONS. 

241. What is the origin of the term electricity ? What is nature? Name 
the simple apparatus necessary to illustrate experimentally the fundamental 
facts of electricity. Describe the experiments with the glass rod and silk 
handkerchief. How is attraction shown? How repulsion? What is 
meant by an electrified body ? Describe the experiment with the poker, 
wine-glasses, etc. Describe the remaining experiments. — 242. What the- 
ories have been proposed to account for electrical phenomena? Give 
Franklin's theory. State the two-fluid theory. What is meant by resinous 
and vitreous electricity ? What by negative and positive ? What is the 
modern theory? — 243. What substances generate positive electricity? 
What ones negative ? State the law as to like and unlike electricities. — 
244. Give in full what is said of the active presence of electricity. — 245. 
What is meant by conductors and non-conductors? Name the best. What 
are insulators, and why so called ? What is said of electrics and non-elec- 
tiics? Is this a proper means of classification? — 246. Describe an experi- 
ment showing the manner in which electricity is disposed in a body. De- 
scribe Faraday's experiment. How does electricity distribute itself over a 
sphere ? How over an oblong body ? What is the advantage of knobs to 
apparatus? What of points? — 247. What is meant by induction ? Explain 
in full the manner in which an electrified body induces electricity in an- 
other. What is an electroscope ? Describe one form, and show how it 
may be used. — 248. Describe the plate electrical mffchine, stating the use 
of each part. How is electricity generated by it ? Describe the cylinder 
machine. — 249. Describe some experiments with the electrical machine. 
What is an insulating stool ? Explain the action of the electric bells. De- 
scribe the experiment showing the light of electricity. — 250. What is said 
of the escape of electricity from points ? — 251. Describe the Leyden-jar. 
How was it discovered ? What is its use ? Show why an insulated Leyden- 
jar cannot be charged with electricity. — 252. Explain the nse of the dis- 
chnrging-rod. How can a large number of persons take a shock simul- 
taneously ? Explain the effect of moisture upon the charged jar. What is 
the electrical battery ? — 253. What is said of the light produced by elec- 
tricity? — 254. To what is the report of electricity owing? What is said 
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of mechanical injaries caused by electricity ? What of the heat caused by 
it ? What effects may be produced by this heat ? — 255. What was the dis- 
covery of Franklin, and how did he make it ? Relate the accident which 
occurred at St. Petersburg. — 256. What is said of lightning-rods ? How 
should tliey be constructed ? 



CHAPTER XIX. 

GALVANISM. 



257. Galvanic or Voltaic Electricity. — In the preceding 
chapter you learned something of the effects of electricity 
generated by friction. There is another form of electricity, 
commonly called Galvanic or Voltaic Electricity, produced 
by chemical action. Frictional electricity, as we shall now 
call that form previously studied, was recognized as a pecul- 
iar force more than six hundred years before Christ; but 
galvanism was not discovered until the end of the last cen- 
tury. The history of its discovery is interesting. The dawn 
of galvanism is found in an observation made by Sulzer, a 
citizen of Berlin, in 1 767. He states that if a piece of zinc be 
placed under the tongue, and a piece of silver upon it, when 
the two metals are brought in contact a metallic taste is 
perceived, and a shock felt by the tongue. Sulzer attrib- 
uted the effect to some vibratory motion occasioned by the 
contact of the metals, and, satisfied with this fanciful ex- 
planation, pursued the inquiry no further. The statement 
excited but little notice until other facts of a similar char- 
acter were brought out in 1790 by Galvani, professor of 
anatomy at Bologna. He observed that the legs of some 
frogs, which had been obtained for his invalid wife, were 
convulsed by touching the nerves with a knife when near 
an excited electrical machine. In contrast with the ex- 
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ample of Sulzer he was led to pursue the matter fiivthei-. 
He fouud that Bimilai- musculai' contractions took place 
even when no electricity was comtminicated from the ma- 
chine. Having suspended some partially diseected frogs 
by copper hooks from the iron bar of the balcony of hia 
window, he observed that whenever, from accidental causes, 
the muscles of the frogs' legs came iuto contact with the 
iron bar, the limbs were convulsed much in the same way 
as with frictional electricity. In consequence of this ob- 
servation Galvani made the following experiment, which 
has since become famous. He cut a frog directly in two, 
skinned its hind-legs, and then arranged pieces of zinc and 
copper, as shown in Fig. 318, The zinc is in contact with 
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the nerves which connect the legs and the spine, and the 

copper ia in contact with the muscles of the legs. Now, 
whenever the two ends of the metal strips are made to 
touch each other, the muscles are strongly convulsed, and 
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each leg is thrown up into the position shown by the 
dotted lines. Galvani erroneously supposed this to be an 
exhibition of animal electricity, regarding the muscles as 
a kind of Leyden-jar, the nerve being the medium of com- 
munication with the inside. 

258. Volta'a Pile. — The olbservations of Galvani awakened 
much interest in all scientific minds, and, of course, there 
was much inquiry, observation, and experiment. Professor 
Volta, of Pavia, went a step further than Galvani towards 
the true explanation, in referring the effects to the con- 
tact of dissimilar metals; and he was led by this view of 
the subject to construct his pilCy or battery — called after 
him the voltaic pile — the object of which is to produce a 
much greater amount of electricity than can be obtained 
by the contact of only two pieces of metal. The pile is 
made of circular pieces of copper, zinc, 
and cloth, the cloth being moistened 
with salt-water or a weak acid. They 
are arranged as represented in Fig. 319. 
First a disk of copper is laid down, then 
upon this one of zinc, then one of cloth, 
and so on in the same order, the top of 
the pile ending in a plate of zinc. If yon 
touch one end of the pile with a moist- ^' 

ened finger, and the other end with a finger of the other 
hand, you will feel a shock somewhat like that-from a Ley- 
den-jar. The communication between the two ends of tlie 
pile may be made by wires, as in the figure. That con- 
nected with the zinc disk furnishes positive electricity, 
nnd that attached to the copper disk, negative. When the 
ends of these wires are joined, sparks of galvanic electrici- 
ty pass between them, the intensity being in proportion to 
tlie number of couples^ as the pairs of zinc and copper are 
called. This arrangement is essentially the same as in the 
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experiments of Sulzer and of Galvani, the cloth taking the 
place of the tongue in the one, and of the frog's flesh in the 
other — ^moisture being present in each case. 

Volta's explanation of this development of electricity — 
the so-called "contact theory" — was long received as the 
true one; but it has gradually been abandoned, and the 
production of electricity is now believed to depend upon 
chemical action. 

To distinguish this form of electrical force from frictional electricity, it 
is often called Galvanism, after its illustrious discoverer. It has also been 
called Voltaism, after Yolta, who added greatly to the discoveries concern- 
ing this wonderful agency. Another teim often applied to it is dynamical 
electricity as opposed to statical electricity, a name given to frictional elec- 
tricity. Statical signifies stationary, because the electricity accumulated 
by friction or other means remains stationary or at rest until some way be 
provided for its escape. It exerts no force until this is done. Dynamical 
electricity, on the other hand, is in motion or action at the instant of its 
production, the word dynamical being derived from a Greek word meaning 
force or power. 

259. Voltaic Circle. — If a bar or slip of zinc, Z, Fig. 320, 
and a bar of copper, C, be placed in a mixture 
of water and sulphuric acid, and a metallic rod, 
a, be laid across the top of them, the liquid will 
become turbid, and a current of electricity will 
flow through the liquid and across the metallic 
rod in the direction indicated by the arrows. 
If the rod be cautiously lifted from either the zinc or the 
copper, a spark will pass at the moment that the contact is 
broken, which will be visible if the room be darkened. If 
the rod be not placed upon the bars, the electrical action 
excited in the first moment soon ceases, and there will be 
no current, for the circuit must be perfect to obtain this 
result. If a rod of glass be used instead of the metallic 
rod, the circuit will be incomplete — glass being a non- 
conductor of the electric fluid — and therefore no effect 




GALVANISM. 



379 




Fig. 321. 




Fig. 322. 



will be produced. The simple apparatus rep- 
resented in Fig. 320 contains all the essentials 
of what is called the voltaic or galvanic circle. 
It may be made even more simple than this, 
as shown in Fig. 321, the ends of the slips of 
zinc and copper which are out of the liquid 
being made to touch. Commonly in galvanic experiments 

the connection between the two metals is 
made by metallic wires, as seen in Fig. 322. 
Copper wire is ordinarily used. Platinum 
is often employed, because in experiments 
it is sometimes necessary to introduce the 
ends of the wires into corrosive liquids. 
The arrangement indicated is called the 
simple voltaic circle. The compound cir- 
cle will be described shortly. 

The electricity produced as described above is the re- 
sult of a chemical action between the liquid and the 
zinc. Through the agency of the acid, water is decom- 
posed into its constituents — oxygen and hydrogen,* the 
oxygen uniting with the zinc to form an oxide of zinc, and 
the hydrogen going to the copper and appearing there 
in bubbles, which escape into the air. Just as fast as the 
oxide of zinc is formed the sulphuric acid combines with 
it, forming sulphate of zinc, which remains dissolved in the 
water. This is quite an essential part of the operation, for 
if the oxide were not removed, it would very soon coat 
over the zinc, and so protect it from the liquid as to stop 
the chemical action. The copper acts simply as a conduct- 
or of the electricity developed by the oxidation of the zinc. 
Although the electricity cannot be produced unless this 



* For explanation of these and other chemical terms, see Fart II., 
Chemistry. 
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chemical actiou take place, and therefore may be consid- 
ered the result of it, yet the chemical action will not oc- 
cur unless the circuit be complete. The zinc and the cop- 
per may stand in the liquid, but everything will be quiet 
until the two metals are connected. The electrical passage 
or way must be opened, or there will be no chemical action 
to produce the electricity. 

260. Amalgaxnation of Zinc. — The zinc used in galvanic 
apparatus is usually amalgamated — that is, combined with 
mercury. When perfectly pure zinc is used, the liquid 
does not attack it until the electrical current is established. 
But since this metal, as usually obtained, is impure, the liq- 
uid does act upon it even before the zinc and copper are 
connected, and therefore there is a useless waste of the zinc. 
There is waste in another way. The particles of other 
metals mingled with the zinc occasion chemical and elec- 
trical action when the acid liquid reaches them. There 
is, therefore,* a local production of electricity at these 
points, which is disposed of just where it is produced, 
and does not pass to the conducting wires. It is to pre- 
vent this local chemical and electrical action that the 
zinc is amalgamated, the acid liquid having little or no 
effect upon the amalgamated zinc until the circuit is com- 
pleted. 

Sheathing of Vessels. — In the copper-zinc battery the copper is not at- 
tacked by the acid liquid, the presence of the oxidizable zinc acting as a 
protection. Knowing this, Sir Humphry Davy suggested that pieces of 
zinc connected here and there with the copper sheathing of vessels would 
prevent it being corroded by the sea-water. The experiment was tried 
and was successful ; the copper remained bright and clean. At the same 
time, however, tlie plan was abandoned, because the uncorroded copper be- 
came covered with shell-fish and marine plants, the accumulation of which 
seriously impeded the progress of the vessel through the water. 

261. Polarity in Galvanism. — Polarity is manifested in 
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galvanism, as indicated by Fig. 323. Posi- 
tive electricity "flows" from the immersed 
end of the zinc marked + {plus)^ while the 
immersed end of the copper is negative, 
marked — {minus). The ends in the air exhib- 
it polarity the reverse of those in the liquid. 
The terminal wires of a battery are called the 
poleSy being positive or negative, according 
to the metals with which they are connected. The terms 
"fluid" and "current" are very generally used, but their 
use must not be considered as implying that there is any 
real fluid flowing in a current. These and other kindred 
terms are convenient in indicating processes and results, 
and are used solely on this account, and not as denoting a 
belief in the existence of a fluid. Electricity is a force of 
matter, but the nature of this force is not known. That it 
moves in circuits and manifests polarity is obvious to every 
one ; and hence the terms fluid and current, and positive 
and negative electricities, may be used in a somewhat flg- 
nrativo manner without the violation of truth. 

The terms electro-positive and electro-negative may be 
liere defined. We explained in § 259 that in the decom- 
position of the acid liquid the oxygen goes to the zinc and 
the hydrogen to the copper. Now, as shown in Fig. 323, 
the immersed end of the zinc is positive, and that of the 
copper is negative ; and, since attraction is between oppo- 
site electricities (§ 242), the oxygen, which is attracted by 
the positive zinc, is called electro-negative; while the hy- 
drogen, which is attracted by the negative copper, is called 
electro-positive. And all substances are put into one class 
or the other, according to their galvanic affinities. (See 
§ 264.) 

The polarity of galvanism will be further illustrated 
when we speak of the effects of this agent. 
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262. Oalvanism Prodnced in Variotts "Waya — We have 
thus far mentioned only one way of producing galvan- 
ism, but the means of producing it may be very greatly 
varied. Other metals can be substituted for copper in 
the voltaic circle, provided they are less oxidizable than 
zinc. Thus zinc and lead will answer, but by no means so 
well as zinc and copper. Zinc and platinum are more ac- 
tive in producing galvanism than zinc and copper, though 
the latter combination is more generally used because cop- 
per is so much cheaper than platinum. Other acids besides 
sulphuric can be used, as hydrochloric, etc. Other sub- 
stances besides metals are competent to produce galvanic 
electricity. Even vegetable and animal substances have 
been used with success, showing how universal galvanism 
is as an agent in nature. In all cases the positive electric- 
ity comes from the substance most readily acted upon by 
the fluid used, and the negative from the other. Though 
galvanic electricity is ordinarily produced by an arrange- 
ment of two solids in a fluid, it may be produced by a solid 
with two fluids. Thus, when a plate of zinc is brought into 
contact with salt-water on one side, and hydrochloric acid 
on the other, a current of electricity will flow from the for- 
mer to the latter liquid. 

263. Volta'a "Crown of Cups." — Soon after Volta invent- 
ed his pile he made the first voltaic battery — ^known as the 
" crown of cups." It is essentially the same as the pile, 
being the combination of a number of simple voltaic circles, 
and hence sometimes called a compound voltaic circle. It 
is represented in Fig. 324. The cups contain a weak acid 
or a saline liquid, and in each is placed a plate of zinc and 
one of copper, the arrangement being such that the cop- 
per plate of the first cup is connected by a wire with the 
zinc plate of the second, and the same with the second 
and third, and so through the series, however long it may 
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be. The positive electricity flows Id each cup from the zino 
to the copper, then ODward by the C0Dnectin<r slip of metal 
to the zinc of the next cup, and so on until it passes out by 
the wire connected with the copper in the last cup to meet 
the electricity coming from the opposite direction. The 
course of the positive electricity is indicated by the ar- 

I'OWS. 

By thus uniting a number of single cups a far greater 
quantity of electricity is genei-ated, and very remarkable 
effects can be produced. A modification of this battery is 
shown in Figs. S25 and 326. It consists of .1 long wooden 




trough divided into narrow cells by pairs of sqinto phtcs 
of zinc and copper soldered together. Into these cells a 
saline solution is poured. Wires connected with either end 
serve to conduct the voltaic current. This form of battery 
was found more convenient than the "crown of cups," on 
account of its portability. 
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264. Other Batteilea. — BatterieB have beeu viiried much, 
both as regards tlie luatevial and the airaiigemeiit. Some 
of these forms we shall briefly describe. Yoii learned ia 
§ 262 that electricity may be generated by contact ofa Bolld 
with two fluids; it is also commonly produced by a pecul- 
iar arrangement of two solids and two fluids. A battery 
in which only one fluid is used soon loses its power, or runs 
down — as it may be expressed; but those in which two 
fluids are used are more reliable and constant, as well as 
far more powerfni. One of these forms, known as Daniell's 
battery, is represented in Fig. .127. The external glass 
cup contains a cylinder 
of copper, K, within 
which is another cylin- 
der of unglazed porce- 
lain, T, which latter 
contains a rod or cylin- 
der of cast zinc, Z. Di- 
Inte sulphuric acid 
poured into the porous 
cell acts upon the zinc. 
Into the outer glass cup 
is poui-ed a stiong solu- 
tion of sulphate of cop- 
per, some of the solid 
crystals being added to 
keep the solution con- 
centrated. For the con- 
venience of connection 
^''^'*"'' with wires or with other 

similar batteriea, the metallic strips, m and p, are fastened 
to the zinc and the copper cylinders respectively; the 
screw, s, assists in joining two such cups. By this com- 
pound arrangement the porous cell prevents the passage 
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of metallic particles between the copper and the zinc ; and 
tlie deposition of copper, i-esulting from the decomposition 
of the sulphate, keeps the copper cylinder clean and al- 
ways I'eady for action. Daniell's batteiy generates gal- 
vanism with great uniformity and constancy, and in its 
varied forms has been mnch used for telegraphic purposes. 
By combining a number of these cups by the aid of the me- 
tallic strips and screws, a very powerful batteiy is ob- 
tained. The copper in each cup is connected with the zinc 
of the nest, as shown in Fig. 328. The negative and posi- 
tive poles are marked » and p respectively. 



The batteries of Grove and Bunsen are very important 
on account of their superior power. Btinsen's cup or cell 
difiei-a from Daniell's, both in the material and arrange- 
ment. The copper is replaced by a cylinder of coke or car- 
bon, and the sulphate of copper solution by strong nitric 
acid. The outer cylinder is of zinc; within is a porous 
cell containing the carbon and filled with nitric acid. The 
latter serves to remove the hydrogen liberated at the car- 
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bon, or positive, end, and prevents the battery from losing 
its power so rapidly as it otherwise would. 

Grovels battery is similar in ail respects to Bunsen's, ex- 
cept that platinum is substituted for carboo ; and, although 
this metal is quite expensive at the outset, so great is the 
efficiency that it is economical in the end. 

The metals used in these batteries, as well as the carbon, 
are not selected for the purpose at hazard, but in accord- 
ance with a well-defined law — viz., the greater the differ- 
ence in the oxidability of the metals taken, the stronger 
the electric current obtained. The order of oxidability of 
the principal metals is as follows : 

1. Zinc. 7. Antimony. 

2. Tin. 8. Copper. 
8. Lead. 9. Silver. 
4. Iron. 10. Gold. 

£). Nickel. 11. Fliitinnm. 

G. Bismuth. 12. Ctuibon (a non-metal). 

The most readily oxidized by immersion in dilute acid is 
the zinc; the least, carbon. Any two of these metals placed 
in an acid liquid will produce a current of electricity. From 
the law just given, a zinc-copper couple will be much strong- 
er than a zinc-iron one. The cause, too, of the efficiency 
of the zinc-carbon (Bunsen's) and zinc-platinum (Grove's) 
batteries is evident. The order of the metals depends upon 
the nature of the exciting liquid. 

Batteries are aiTanged differently for different pni7)0se8 ; the decompos- 
ing power or intensity of galvanism depends upon the number of the plates^ 
while its quantity and power of generating heat and mngnetism (Chapter 
XX) depend upon their extent of surface. When great heat is wanted^ 
all the zinc plates are connected together, so as in effect to form one great 
plate, and the same is done with the copper plates. This is quite different 
from the aiTangement represented in Fig. 328, which is calculated for the 
production of chemical decomposition and for giving shocks. 

265. Cliaraoteristica of Voltaic Eleotricity. — Several pecu- 
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liarities distinguish voltaic electricity from that developed 
by friction. Frictional electricity is much more intense, 
and that produced by chemical action is greater in quan- 
tity; the latter flows in a current as fast as produced, 
while the former is discharged with a kind of explosion. 
The difference has been compared to that between a fire 
running through a long train of gunpowder and the firing 
of a mass of it at once. Another peculiarity of voltaic elec- 
tricity is that, unlike frictional electricity, it will not pass 
through non-conductors. Thus you can handle the wires 
used for communication without receiving a shock; but 
this is impossible with frictional electricity. This property 
makes voltaic electricity eminently suitable for telegraph- 
ing. As it flows with a steady current, its action can be con- 
trolled at the receiving station; and it pertinaciously ad- 
heres to the wires until it reaches its destination. The rain 
may patter upon the wire without sensibly diminishing the 
electricity ; birds may rest upon it and receive no shock. 
The principal effects of galvanism are the production of 
heat and light, as well as of magnetism (Chapter XX), and 
the decomposition of chemical compounds. Besides these, 
it has a peculiar effect on the nervous system of animals. 
These effects we will now describe in the order named. 

266. Heating Effects of Oalvanism. — Galvanism is capable 
of producing the most intense heat known. By means of 
a battery comprising a number of large cups, many of the 
most refractory substances known may be fused and even 
volatilized. Galvanic electricity, unlike frictional, does not 
run over the surface of conductors ; and, consequently, if 
the terminal wires of a large battery be connected by a 
wire of very small diameter, the resistance offered by the 
latter to the passage of the electrical current causes great 
heat ; the wire becomes red-hot, and may even melt. If 
two loaves of gold are suspended at the ends of two rods 
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in a jar, Fig. 329, and the rods connect 
ed with the terminal v/ivee, or poles, of 
a large battery, they will naove towards 
each other until they touch, and then 
melt, or possibly burn up with a brill- 
iant flash. This experiment, contrived 
by Sir Ilumphry Davy, also shows that 
galvanism as well as friutJonal electric- 
ity causes attraction (§ 241). 
^ That this attraction is really the ef- 
fect of galvanism may be shown by 
' " ° ° suddenly cutting oif the connection 

between the gold leaves and the battery before they come 
in contact; they will at once fall back to tlieir original 
position. 

Leaves of various metaU may be biimeil b;^ the same force, eacii metal 
(pvJiig a diRerenc color lo the flnme. If yon place n piece or silver on n 
lump of charcoal connccieU tvitli one pole of ii bnirery, and bring the other 
pole nrmed with a cliarconl pencil in contact with it, the Eilver will bnni 
most hrilliantly, ns seen in Fig. 330. The bonling of iron bj galvanic elec- 
tricit; is rerj splendid. Take a 
glass partly filled with mercury, ■ 
and, immersing one pole of a bat- 
tery, bring n thin piece of steel or 
iron connected with the other pole 
in contact ivith tbe mercury, and 
the iron wilt take lire, throwing out 
btight sparks, the mercury being 
rapidly volntiliied by the great 

heat produced. Almost oveiy Eubatnnco can be fused, bnmed, or volatilized 
between the poles of a powerful battery. Even platinum, which can wilh- 
Etand the heat of tbe botlext fumnre, cnn he fused. Tlie bent thus pro- 
duced has been applied in filing gunpowder in blasts, nnd this is somelimea 
done even under water. The powder, enclosed in ft vessel, has n fine plati- 
num wire running through it, which is connected at its two ends with two 
wires that extend to the galvanic apparatus. The battery being put in 
operation, tl>e moment tbe coimectioa is established the plaiinum becomes 



red-hot and fires ths powder. The b&itery maj be at a gi'eat diBtance from 
the poHiler, and yet the lequiaile effect in produced. 

267. Frodnctloii of Ught — Wheiievev the heat produced 
by galvanism becomes very intcnso, it is accompanied by 
light, as shown in the preceding section. 

Generally speaking, the production of light is the result 
of chemical action, as will be shown iii Part II., Chem- 
istry, But galvanism may produce light without any 
chemical change taking place at the point where the light 
is seen. For example, if points of charcoal be fastened to 
the ends of the two wiies of a powerful galvanic battery, 
a splendid light will appear when tlio charcoal points are 
brought in contact. The charcoal does not burn up, but 
is merely mechanically transferred fiom one pole to the 
other iu an incandescent state. That this light is not the 
result of a combustion of the charcoal may be proved iu 
two ways. Firet, the moment that the connection is bro- 
ken the light goes out, and there is no glowing of the 
charcoal, as there would be if it had been sot on fire. 
Then, again, the light can be pi-oduced in a vacuum, as 

represented in Fig. 331. Here the 

light is in a vessel which has been 
exhausted by the air-pump, and 
there can be, of course, no combus- 
tion without air. The same splen- 
did, light can be obtained with the 
charcoal points nnder water. Al- 
though there is no combustion of 
the charcoal, nevertheless the elec- 
tric light is indirectly the result of 
combustion. As will be explained 
in Part II., Chemistry, the oxidation 
of the zinc in the battery is really n 
combustion. These facts illnstrate Fig.ssi. 

n 
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again the close connection between the forces of heat, light, 
electricity, and chemical attraction, to which we have al- 
ready referred (§§ 165 and 212). The chemical action in 
the battery cup generates electricity, which itself produces 
both heat and light. The transmission of force is very 
wonderful. 

268. Chemical Effecta. — Galvanic electricity not only orig- 
inates in chemical action, but it also produces chemical ac- 
tion between its poles. A great variety of compound sub- 
stances can be decomposed, and simple substances can be 
made to unite and form compounds. In the production of 
the electrical light there is no chemical effect, for there is 
neither decomposition nor composition. In fusing metals or 
volatilizing them, there is no chemical action, for they are 
not made to enter into combination with anything, but re- 
main simple elements, having their form alone changed. 
But when any metal is actually burned, there is chemical ac- 
tion, for the metal unites with the oxygen of the air. In the 
fusing of platinum there is no chemical action, for it is not 
oxidized. Mercury is so volatile that it merely flies off in 
vapor, and is condensed again in liquid form in the cool air. 

Most interesting results follow when water is submitted 
to the action of voltaic electricity. This liquid, usually re- 
garded as a simple substance, is actually a compound of 
two gases, oxygen and hydrogen, in definite proportions, 
both as regards weight and volume. It is readily decom- 
posed into these gases by a battery of two cups constructed 
on Grove's or Bunsen's plan. Fig. 332 shows a form of ap- 
paratus which permits the gases to be collected separately. 
Through the bottom of a glass vessel are introduced, wa- 
ter-tight, two platinum wires, a b and a c. Over each of 
these wires a tube, with its upper end closed, is placed. 
The tubes and the dish are filled with water, which is 
slightly acidulated in order to make it a better conductor. 
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Fig. 333. 

If the wire a e he connected with the positive pole of a 
battery, and the wire a b with its negative pole, some of 
the water will be decomposed, and the resulting gases, oxy- 
gen and hydrogen, will collect in the tubes, e and f respec- 
tively, driving the water dowD in them. Twice as much gas 
accumulates in f as in e, water being composed of two vol- 
Timea of hydrogen and one of oxygen. As the deeomposi- 
tioD of the water proceeds, the hydrogen, being electro- 
positive, goes to the negative pole, while the oxygen, being 
electro-negative, goes to the positive pole. This is in ac- 
cordance with the law that substances charged with op-- 
posite electricities attract each other (§ 243). After a suf- 
ficient amount of the gases has collected, cantionsly 1*6- 
move the tube e, closing its mouth with your finger, and, 
turning it upside down, introduce into it a slip of wood 
with a spark on its end — the wood will bnrst into a fiame, 
showing that the gas is oxygen. If you then i-emove f, 
and apply a light to its mouth, the gas will ignite and 
burn with a pale flame. Or if you mingle with it an equal 
quantity of atmospheric air, and then apply the light, an 
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explosion will ensue — these phenomena being characteristic 
of hydrogen. You will become familiar with the proper- 
ties of these gases in Part IL, Chemistry. 

Explanation. — Let us now examine the reason wlij the gases in the 
above experiments accumulate separately. If decomposition of the wa- 
ter took place at both poles, either both gases would collect in each tnbe^ 
or portions of the gases must pass each other in taking their places. But 
neither of these results occurs. Not a particle of one gas is found mixed 
with the other — one tube contains pure hydrogen and the other pure oxy- 
gen. And there is no appearance of any bubbles of gas passing between 
the poles. Though the gases collect briskly, the water is perfectly quiet, 
which would not be the case if gases were passing through it. These 
things being so, we must conclude that all the oxygen is produced at the 
positive pole, and all the hydrogen at the negative. Let us see how this 
can be. Suppose the decomposition begins in a particle of water at the 
positive pole, an atom of oxygen nniting with the zinc. This will, of 
course, leave two atoms of hydrogen free. Now, what becomes of the 
atoms of hydrogen ? Do they travel over to the other pole ? No. It is 
supposed that they seize an atom of oxygen froin the adjoining molecule of 
water, forming with it a particle of water. This sets two more atoms of 
hydrogen free, which take an atom of oxygen from the next molecule of 
water, and so on through a chain of particles extending to the negative 
pole. You see what the result will be at this pole. The last atoms of hy- 
drogen set free have no particle of water to take oxygen from, and hence 
the gas collects in the tube. 

269. ElectrolyBts. — A great many other substances be- 
sides water can be decomposed by galvanism, each of the 
constituents appearing at the pole opposite to it in elec- 
trical character. Thus oxygen, chlorine, iodine, sulphur, 
and the various acids, being electro-negative, are attracted 
by the positive pole; while hydrogen, potassium, sodium, 
copper, silver, lead, and the various bases are attracted by 
the negative pole. It was by galvanism that Sir Humphry 
Davy made his grand discovery that the alkalies and earths 
are oxides of metals. Great must have been the joy of the 
discoverer when, as he subjected the potash to the action 



QALVANISH, 393 

of the battery, he saw the metallic globules of potasBium 
appear, turning the conjecture which had so long burdeued 
his mind into reality io an instant. The process of decom- 
posing chemical substances by voltaic electricity has re- 
ceived the name electrolysis, 

270. Electrotyplng. — Solutions of chemical compounds 
are also decomposed by galvanism ; sulphate of copper, for 
example, submitted to the action of an electric current is 
separated into its constituents, and metallic copper is de- 
posited at one pole (negative) of the battery. This has 
given rise to an important branch of applied science called 
electro-metallurgy, whereby one metal may he coated with 
a uniform and brilliant film of another (plating) or a fac- 
simile of a metallic mould may be obtained. The latter 
process is termed electrotypinff. The arrangement of the 
battery and bath is represented in Fig. 333. Tbe glass 
trough contains a solution of sul- 
phate of copper, and the galvanic 
battery is of the form known as 
Smec's,i<i which platinized silver is ' 
used in place of copper. Suppose 
we wish to obtain a copy in copper 
ofone of the faces of a medal. Cov- 
ering with was all the medal except 
that part which is to be copied, we ^^'' **°- 

immerse it in the liquid attached to tbe negative wire, Z, 
and attach a piece of copper, C, to the positive wire, S. Ob- 
serve now what takes place. Tbe sulphate of copper is 
decomposed by the voltaic cnrrent, the copper going to the 
negative pole (§ 269), and therefore being deposited on the 
medal, N. The sulphuric acid, on the other hand, goes to 
the positive pole, and, finding copper there, unites with it, 
forming sulphate of copper. This explains the use of tbe 
lump of copper. It is for tbe purpose of keeping a good 
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supply of sulphate of copper in the liquid. We obtain in 
this way, however, only a mould of the medal ; but by pur- 
suing the same course with the mould we get the fac-simile. 
So in obtaining a fac-simile of a page of printer's type or 
of an engraving a mould is first made. This is commonly 
done with plaster of Paris or wax, and then the mould is 
electrotyped. We get in this way a thin coat of copper 
showing distinctly every line of the types or the engraving. 
Then to fit this for use melted lead is poured into the back 
of it, so as to make the thin coat a firm plate. Since the 
wax and the plaster are not good conductors, we are 
obliged to coat the surface of the mould with finely pow- 
dered graphite in order to secure the deposit of the copper. 

271. Ghilding and Silver-Plating. — Common metals may 
be plated with silver, or silver and other metals may be 
gilded, by this process of electrotyping. Suppose, for ex- 
ample, that a silver spoon is to be gilded. It is attached to 
the negative pole of a battery, and immersed in a solution 
of chloride of gold, while a plate of gold is attached to the 
positive pole. The chloride is decomposed, and as fast as the 
gold is deposited upon the silver the chlorine set free unites 
with some of the gold plate, thus keeping the solution of 
the chloride of uniform strength. The chlorine is the car- 
rier of the gold to the pole connected with the silver in the 
same way that the sulphuric acid is the carrier of the cop- 
per in the process of copying medals described in § 270. 

The arrangement of a bath for silver-plating a number 
of articles at one operation is shown in Fig. 334. The 
trough C contains a solution of cyanide of silver, in which 
are suspended the silver plates o' o and o' o, connected with 
the positive pole of the battery, E E, and the pitchers and 
other articles connected with the negative pole. The oper- 
ation proceeds exactly as with the gold-plating above de- 
scribed. Electroplating, as illustrated in the processes men« 
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tioaed and in others, is one of the most beautiful and valu- 
able presents which science has made to the arts. 

272. PhjTBlological Effects of GalvanUm. — Tbe muscular 
contractions produced by galvanism have been already al- 
luded to in speaking of Salzer*a and Galvani's experiments. 
Tbe force of the coutractioD depends upon tbe number of 
tbe pairs of plates, and not upon their size. The shocI< 
received from a galvanic battery is not like the sharp and 
instantaneous one given by frictional electricity, but it iu 
more of a continued sensation. It is felt only at the mO' 
meut when contact is made or broken, a steady, continnoua 
current being maintained so long as the connection exists. 
With a battery of some hundred couples, as the pairs are 
termed, the ahock is painfully severe, and may be even fa- 
tal. As muBcnlar contractions were produced in Galvani's 
dead frogs, so can they be produced in the human subject 
afler death. Because, although the body may be dead as a 
whole, as a system of organs, some of the properties of life 
still remain in some of its parts. The irritability of the 
muscles is such a property, and it is through this that the 
culprit who has been hanged can be galvanized into appar- 
ent life — the countenance exhibiting frightful contortions, 
and the limbs being thrown violently about. Clalvanism 
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Las also been used successfully lu eases where animation 
was suspended, but not destroyed ; the muscles of respira- 
tion and the heart, which had ceased to act, being awakened 
again into action by the stimulus of the electric current. 
Physicians sometimes employ galvanism in certain diseases 
with beneficial effects. 



QUESTIONS. 

257. What is said of the history of galvanism ? What was Salzer*s ob- 
servation ? Describe Galvani's experiment. What was his explanation ? 
— 258. Describe the constrnction of Volta's pile. How does ic operate ? 
What was Volta's explanation ? What is said of the different names given 
to galvanism ? — 259. Describe the action of the voltaic circle. Explain the 
chemistry of this action. — 260. What is the advantage of amalgamating the 
zinc ? What is said of Davy's plan of protecting the sheathing of vessels ? 
— 261. What is said of polarity in galvanism ? What is meant by the teims 
electro-negative and electro-posttive ? — 262. In what other ways may gal- 
vanism be produced? — 263. Describe Volta's "Crown of Cups." How 
does it operate in generating galvanism ? Describe the modification known 
as the trough battery. — 264. What is said of other forms of batteries ? 
Describe DanielFs. Also Grove's and Bunsen's. What determines the 
choice of metals used in a battery ? Upon what does the intensity and 
the quantity of galvanism depend ? — 265. What are the chief characteris- 
tics of galvanism ? What are its principal effects? — 266. Give examples of 
the heating effects of galvanism. Describe Sir Humphry Dayj's experi- 
ment. Show liow silver may be burned. How may steel be burned by the 
heat of galvanism ? What is said of firing gunpowder by electricity ? — 
267. What is said of the production of light ? What proof is given that 
the light does not result from combustion? Wiiere, however, does the 
combustion really take place ? — 268. Mention some of the chemical effects 
of voltaic electricity. Describe the apparatus used for the decomposition 
of water. How does the decomposition proceed ? How are the gases ex- 
amined ? Explain why the gases accumnlate at separate points. What 
substances are attracted to the positive pole ? What to the negative pole ? 
— 269. What remarkable discoveries were made by Sir Humphry Davy by 
means of voltaic electricity ? What is meant by electrolysis ? — 270. What 
is meant by electro-metallurgy? Explain the manner of producing an elec- 
trotype. — 271. How is electro-plating conducted? Describe the method 
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of silyer-plating. — 272. What is said of the physiological effects of galvan- 
ism? How is the haman body affected by galvanism? How ara dead 
bodies affected ? 



CHAPTER XX. 

MAGNETISM. 

273. Natural Magnets. — MaDy centuries ago, a certain ore 
of iron was discovered possessing the property of attract- 
ing pieces of common iron or steel. This iron ore, some- 
times called loadstone, has also the power of communicat- 
ing its peculiar properties to other pieces of iron. Tliese 
are called magnets ; and the force residing in them, mag- 
netism. These facts were probably considered at first as 
mere curiosities, and the world was slow to find out their 
great value. It has been recently discovered that in mag- 
netism we have one of the great forces of the earth ; and 
even now we know probably but little of the real extent 
and variety of its action. New and important discoveries 
are frequently made in regard to the agency and the laws 
of this mysterious power, and its connections with the oth- 
er grand forces of nature. 

The terms magnet and magnetism come from the fact 
that the loadstone was first found near Magnesia, an an- 
cient village in Asia Minor. This ore is an oxide of iron, 
differing in constitution from ordinary iron rust, and com- 
monly called magnetite. It occurs in abundance in the 
iron-mines of Sweden, England, and America. Large beds 
of it are worked in New York, New Jersey, and elsewhere 
in the United States and Canada. 

The property of attracting iron, possessed by magnets, 
may be exhibited in many different ways. A magnet 
brought near a heap of iron filings, needles, tacks, etc., 
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will attract them and cause them to adhere to it when re- 
moved. Many toys for children depend upon magnetism 
for their attractiveness. Thus the toy fishes and swans 
follow the small iron-bar magnet because a small piece of 
iron is concealed in their heads. Simple expeiiments with 
a magnet soon convince us that the nearer the magnet and 
the iron are to each other, the stronger the attraction. In- 
deed, the attractive influence is governed by the same law 
in regard to distance as the common attraction of matter — 
viz., it is inversely as the square of the distance. The at- 
traction also is mutual — the iron attracting the magnet as 
much as the magnet does the iron. 

274. Polarity of the Magnet. — Every magnet has two 
poles, one at each extremity, about which the chief power 
resides. For this reason, if a magnet be rolled in iron fil- 
ings, these collect about the ends, as represented in Fig. 
335. There is a diminution of attraction from the ends to 




Pig. 835. 

the middle line, which is called the neutral line. These 
poles are called north and south poles, because if a magnet 
be suspended, or be supported upon a pivot, so that it can 
revolve, it will take a north and south direction, one of its 
ends invariably pointing towards the north. Fig. 336 rep- 
resents a magnet supported upon a pivot. If a magnet be 
broken, each piece becomes immediately a perfect magnet, 
having poles of its own. 

275. Magnetism by Induction.— The magnet in exerting 
its attraction temporarily makes a magnet of the body 
attracted. Actual contact is not necessary to produce 
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Fig. 336. 



tins result. Thus if a large 

iron key be brought only 

very near to a powerful mag- 
net, it will support small keys, 

as represented in Fig. 337. 

When the key is moved away 

from the magnet, the keys 

attached to it fall. You see 

the analogy to the induction 

of electricity noticed in § 247. 

The two ends of the body in 

which the influence is induced 

are in opposite states. If the 

end of the magnet to which 

the firet key is near or at- 
tached be the north pole, the end of the key next 
yfl to the magnet will be the south pole, and its farther 
' 'f end the north pole. The same is the case with the 
small key attached to the end of the large one. And 
if a nail should hang from the small key, and a nee- 
dle from the nail, both of these would have the same 
polarities. But all this would be reversed if the 
ig. 337. j^,.gg jjgy Y^QYe attached to the south pole of the 

magnet. In this case the upper end of each of these articles 
would be the north pole, and its lower end the south pole. 

As a result of these experiments we learn that like poles 
r^el and unlike attract But this law can be more striking- 
ly illustrated. If a magnet be placed on a pivot, as in Fig. 
336, and another "magnet be brought near it, attraction or 
repulsion will be manifested according to the mode of pre^ 
sentation. If a north pole be presented to a north pole, or 
a south to a south, repulsion will be the result. But if a 
north pole be presented to a south, or a south to a north, 
then attraction will be manifested. 
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Magnelio Curves, — The polarity of magnetism causes a 
very singular arrangement of iron filioga when gently agi- 
tated upon a sheet of paper over a magnet, as repi-esented 
iu Fig. 337. The production of these curves is owing en- 
tirely to the fact that 
I each bit of filing is 
polarized by the bit 
next preceding it in 
the row, reckoning 
from the magnet 
outwaiil, the nearest 
one in eauh row de- 
riving its magnetic 
state from the mag- 
net itself. Since the chief power resides in the ends of 
the magnet, it is easy to see how such a disposition of the 
lines of magnetio filings is effected. These curves may be 
beAutifully and curiously varied by arranging suvoral mag- 
nets under the paper. 

216. ArtiSclal Magnet*. — As already mentioned, the pow- 
er residing in the loadstone can be communicated readily 
to iron and steel. Though soft iron becomes magnetic more 
readily than steel, it does not retain the power so well, and 
the latter is therefore used in making artificial magnets. 
When a magnet imparts its magnetic influence, it loses none 
of its own power, whether it be an original loadstone or an 
nitiGcial magnet. There are many ways of imparting mag- 
netism permanently to steel, of which we will notice only 
two. If you wish to magnetize a bar 01* needle, pass one 
pole of a magnet from one end of it to the other a number 
of times, always in the same direction. A more effectual 
way is to take two magnets, and, placing the south pole of 
one and the north pole of the other in contact over the 
middle of the bar or needle, draw them slowly and steadily 
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apart towards the opposite ends. This process must be re- 
peated several times. 

HoTBtshoe Magnets, — One of the most common forms of 
the magnet is the horseshoe magnet, Fig. 338. A 
piece of soft iron, called the keeper^ is attached to 
the end of this, held there by attraction. So long 
as it is suffered to remain there it is itself a mai^net, 
having its north pole (+) attached to the south 
pole (— ) of the magnet which holds it, while the 
reverse is the case with its south pole. The ob- ^=^ 
ject of the keeper is to preserve the power of the ^'^* ^^' 
instrument. Indeed, it is found that the exertion of the 

magnet's power not only preserves but 
actually increases it. If, therefore, you 
attach to a magnet a keeper having a 
book, as shown in Fig. 339, you can add 
to the weight gradually from day to day, 
and thus considerably augment the power 
of the magnet. 

277. Magnetic Needle. — The magnetic 
needle is a very small magnet fixed upon 
a pivot. On account of its property of 
invariably pointing north and south, it is 
of great use to sailors. The mariner's 
compass is a round box having a magnetic needle balanced 
in it, and provided with a disk of cardboard on which is 
drawn a circle divided into thirty-two parts, as shown in 
Fig. 340. These divisions, called the " points of the com- 
pass," have received names with reference to the four di- 
rections — north, east, south, and west. The original com- 
pass was a rude affair, consisting of a small piece of load- 
stone laid upon a cork floating in water. The date and 
place of its first use are unknown, but it is commonly as- 
cribed to the Chinese. 
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DteBitatioti of tht Ntedle. — The declinatioT) of the needle ib iu deriition 
from s north and south line. There are comparatively feir parts of the 
earth's surftce in which there is no deviBiion from this line to the east or 
the west. "Tnie as needle to the pole" has become a proverb; and when 
first ottered, it was supposed to be fonnded in strict truth ; modem investi- 
gation, however, has shown that the needle not onlj varies in its direc- 
tion in diR^eat localities, bnt that even its vaiiations are irregular. This 
irregularit; in the declination of the needle was observed by ColumbuB in 
his first voyage of discovery, and it occasioned gieat Blarm among the sail- 
ors, who, as Irving states, " thought the laws of nature were changing, and 
that the compass was ahont to lose its mysterious power." Notirithstand- 
ing these and other observalions of a similar character, little attention was 
paid to the declination of the needle till the middle of the seventeenth cen- 
tury. But, since that time, extensive records of its declinations at dif- 
ferent localities have been made, and tables and charts have been con- 
etmcted exhibiting them. These declinations are not constant, but vary 
somewhat evei? daj, from the influence, it is supposed, of the son upon 
the earth. 

JXp of the Nttdle. — It is found in most parts of (he earth that if a nee- 
dle be balanced befbre it is magnetized, and then suspended in the same 
manner after magnetization, one end will dip downward, as shown in 



\ 



MAGNETISM. 

Fig. S41. This tact vaa discovered bj Nannan, a 
London optician, in 1G76. He found that the dip 
at London was lowards the north at an angle of 72". 
In puraning the investigalioD of this phenomenon 
it was found that going from the north towards 
the equator the dip conalantl? tetsened, until a 
point was reached wbere the needle was hoiizontaL 
Then, on going south of this, a reverse dip occnrred 
towards the soutb pola; and the &rtber south the 
needle was carried, the greater the dip. In the 
north, Captain Koss, in 1832, came to a locality 
north of Hudson's Bajr, in latitude 70° G' N., longi- 
tude 96° 46' W., where the magnetic needle, freely 
suspended, was in a vertical line. No such local- 
ity has yet been discorered towards the south 

278. TtM Eartb a Cheat Magnet — 
Toil cau readily see, from all that bas 
been stated in regard to the magnetic ^'*- "^■ 

needle, that the earth acts as a magnet. The dip of the 
needle shows that the two poles of this magnet are some- 
where near the north and sonth poles of the earth. The 
locality which Captain Ross found must be near the north 
pole of the magnet in that quarter of the world. The ver- 
tical position of the needle ia analogous to the straight 
lines of iron filings, shown in Fig. n37, near the poles of the 
magnet. And it is easy, also, to trace the analogy between 
the dip of the needle at different distances from what ia 
called the magnetic equator of the earth, where the needle 
is horizontal, and the cnrvea extending from pole to pole. 
The different declinations of the needle and the differ- 
ent intensities of the magnetic force in different localities 
corresponding in latitude show that the magnetic force 
in the earth is irregnlar in distribution, or in some way 
its influence varies much in different paits of the earth's 
crust. 
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The Earth a Magnetiaer, — Since the earth is really a mag* 
net, it might be expected to impart magnetism by induction 
as other magnets do. And this is found to be the fact. If 
you hold a bar of soft iron in the direction of the dip of the 
needle, it becomes a magnet — its lower end being the north 
pole and its upper the south. That this is so can be ascer- 
tained by bringing a small magnetic needle near each end. 
No effect of this kind is produced when the bar is held hori- 
zontally east and west. Lightning-rods, pokers, upright 
iron bars in fences, etc., are often found to be magnetized 
because they have continued so long nearly in the required 
position for magnetization. When a bar of iron has been 
magnetized in the manner indicated, its magnetism may 
sometimes be rendered permanent by giving it a stroke 
with a hammer. It is a curious and inexplicable fact that 
this vibration of the particles of iron should have this effect 
But though such vibration helps to impart magnetism, it is 
not at all favorable to its retention, for magnets are always 
injured by blows or falls, or, indeed, any rude treatment. 
For this reason care is requisite in removing a keeper from 
a magnet. If pulled off abruptly, the power of the magnet 
is lessened. If a magnet be heated, its power is impaired ; 
but, on cooling, it returns. A red heat, however, destroys 
It completely. 

279. Theory of Magnetism. — Magnetism is now generally 
conceded to be a molecular affection. ^' For, in the first 
place, if a steel-bar magnet be broken in two, each part is 
as complete a magnet as the original ; and, however oflen 
we break it, the minutest fragment is a perfect magnet — 
showing that the polarity or duality of character which the 
original bar possessed is equally a property of every mole- 
cule." This may be roughly illustrated by reference to 
Figs. 342, 343, and 344, in which the north and south poles 
of each molecule in a magnet are represented by black and 
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white parts of the circular particles (^(^(n|(^(^(^0(^ 
composing it. In Fig. 342, some of C)()ff)00€)0€) 
the poles are turned one way and 3(^3333301 
some another; and if the number be Fig. 342. 

equal, their effect is neutralized and 
^000€)t)0€J the steel has no magnetic properties. 
O^^OWOUOW In the next figure you see some of the 
^^^^^^^^ molecules turned half-way around, 

Fig. 343. . . - , 

as m an imperfectly magnetized bar; 
and, finally, in Fig. 343, we have 
represented a complete magnet, in OODOOOOC 

which each molecule is turned in ^i^5^5^2^5^2^2^5^^ 
the same direction. ^ COCCCCC) 

Fig. 344. 

A second reason for the theory 
of molecular affection is that " when a bar of iron is mag- 
netized it becomes slightly elongated, while its width is 
correspondingly reduced, just as if there were a re-arrange- 
ment of the molecules among themselves; as if each turned 
around and set with its greatest length in the axis of the 
bar." In the third place, as mentioned in the previous 
section, heating and striking a magnet destroy its power 
— in other words, disturb its molecular arrangement. 

Diamagnetism. — It was formerly thought that only iron 
ind its companion metals cobalt and nickel were affected 
by magnetism; but the researches of Faraday have shown 
that all bodies are affected by it to a greater or less degree. 
Experiments with a very powerful magnet proved that all 
bodies may be divided into two classes — the paramagnetic 
which are attracted by a magnet, and the diamagnetiCy 
which are repelled* To the former class belong iron, nick- 
el, cobalt, platinum, oxygen gas, air, etc. ; to the latter, 
bismuth, mercury, silver, gold, water, alcohol, wax, sugar, 
wood, leather, bread, and a great variety of substaoices. 

280. Blectro-Magnetism. — In 1819, Professor Oersted, of 
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Copenhagen, discovered a remarkable relation between elec- 
tricity and magnetism, which has led to inventions of im- 
mense benefit to mankind. His first observation was that 
a current of electricity passing over a wire near a magnetic 
needle affected the position of the needle. He found also 
that iron filings would adhere to a wire over which a cur- 
rent of electricity is passing, just as they do to a magnet, 
dropping off, however, as soon as the current ceases to pass. 
Such facts led to a great variety of investigations and ar- 
rangements of apparatus by Oersted and others. Some of 
these we will indicate. Let a wire be wound in a spiral 

form, leaving the two 
ends of the wire free, 
one at each end of the 
coil. Such a coil, made 
with a great length of 
wire, called a helix, ifi 
represented in Fig. 
345. Since the electric- 
ity is to pass through 
Fig- 345. all the length of the 

wire uninterruptedly, it must be covered with some non- 
conducting substance, as silk or cotton. If a bar of iron be 
introduced into the helix, and the wires be connected with 
the poles of a battery, the iron becomes at once a magnet, 
and will attract various iron articles, as shown in the fig- 
ure. But the moment you cut off the connection with the 
battery, these articles fall, showing that the magnetism 
of the iron depends wholly upon the electric current. 
A magnet thus temporarily made is called an electro* 
magnet, and the power thus developed is called electro* 
magnetism. 

JSxperimentB with an Electro-Magnet — The power of an 
electro-magnet is very amusingly exhibited in the experi- 
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raent repreaented in Fig. 346. A 

bar of iron having the common 

horaesboe form has a wire coiled 

round it. If the connection be 

made with the two poles of a 

battery, on bringing it near to 

a heap of nails they will become 

attached to the two poles of the 

temporary magnet thus formed, 

and a bridge of nails will be con- 
structed between them, the oails - 

being grouped together in all i/is.ua. 

kinds of positions, as the mi^netio influence extends among 

them. You can, however, at once demolish this bridge by 

cutting off the connection with the battery. 

A Bar Stupended in Air. — The eleclro-magnelic pow- 
er can be still more strikinglj exhibited. Let the helix, 
A, Pig. 347, be placed vertically, and the bar of iron, B, ' 
be beld upiighc in the circular space in the heli^c. On 
making the connection with the baltety you can let go of 
the bar, and it will remain enspended, being held there by 
the magnetic power created by the electric cnrrent. If 
the wire in the eoil be Tery long, and the battery power- 
ful, a eonsiderable weight may be attached 10 the bar with- 
ont making it Eill. "Science," Bays Professor Porter, in 
relation to thia experiment, 
"haa thuB realized tbe bble 
of Mohammed's coffin, which 
was aaid to have been mirac- 
nlously suspended in air." 

Fig. S48 represents an ap- ^ 

paratns which exhibiU elec- 

tro-magnetism very prettily. 

" " Two pieces of soft iron, when 

pat together, form a ring, d, 

and each piece has a handle. If the pieces be 

pat together with the coil, c, in tbe poeilion rep- pig. S4B. 
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resented, on connectins the wirM, P and N, with a battery !□ action, mae- 
neturn ia brought into pU; and the adhesion is bo strong a« to resist s great 
fiirce; butoasoonoa the connection ia broken, the pieces come apart at onca. 

The attractive power of electro- magnets ia determined 
by the number of coils of insulated wire wound around tbe 
bar, and the strength of the current of electricity passing 
through these wires. Since these may be indefinitely in- 
creased, the magnetic power is almost unlimited. Profess- 
or Henry constructed a lioi-seshoe electro - magnet which 
sustained a weight of over 2000 pounds, and other experi- 
menters have much exceeded this. 

281. Tbe Blectilc TeleeraplL — In the electric telegraph 
both voltaic electricity and elect I'o-magnetism are brought 
into our service, the former to transmit the message and 
the latter to record it. To effect the transmission of the 
galvanic current the arrangemeut is essentially the same 
as in the siniplo voltaio circle (§259). Suppose a message 
is to be seut from New York to New Haven. Let o, Fig, 
349, be the battery at New York, and b tlie wire c 
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eating with the register, o, at New Haven. Two plates of 
metal are buried in the moist earth at c^ and e, each having 
B surface of several square feet. These are connected by 
wires with the insulated wire between the two places, the 
one through the battery at New York and the other through 
the registering olecti-o-magnet at New Haven. The cur- 



rent of pOBitive electricity from the battery runs, as the 
arrows indicate, first along the wire, b, then from the elec- 
tro-magnet at c down to the plate e,then through the earth 
\o the plate d, and np to the place of beginning, a. It was 
supposed when the telegraph was firet projected that it 
would be necessary to have two wires to complete the cir- 
cuit ; but it was soon found that the earth answered per- 
fectly well for the returning current with the arrangement 
of plates described. The control which the telegrapher has 
over the carrent with bis key, as described below, is indi- 
cated at i. The wire is there represented as broken, and no 
effect will be produced at c until the operator at i pi-esses 
one end of the wire down upon the other end. 

The manner of recording the message is as follows : As 
before stated, voltaic electricity is used. This is generated 
at the place from which the message is sent, and passes 
over the wire to the place whei'e the message is received. 
There it acts upon soft iron by passing through coiled wire, 
producing the modified power called electro-magnetism. 
We wilt mnke all this plain to you by describing the ma- 
chine used in Mora?'! telegraph, Fig. 350. W W are the 
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wires which connect with the station from which the mes- 
sage is to be received, and these connect with the copper 
wire coiled round the horseshoe of soft iron, m m. Above 
the magnet is a lever, a Z, which works on a fulcrum at d. 
One end of this lever has a steel point, ^, attached to it. 
At c is an arrangement of wheel- work, the object of which 
is to pass along regularly a narrow band of paper, j9, in the 
direction of the arrows. Observe now how the apparatus 
works. When the electric current passes through the coiled 
copper wire it makes a magnet of the iron, m m. The lever, 
a /, is therefore attracted at the end, a, and moves down- 
ward. Of course the end, /, moves upward, bringing the steel 
point, «, against the paper, where it makes a mark. The 
length of this mark depends upon the length of time the 
electricity is allowed to pass along the coiled wire, for the 
moment that it is shut off tn m ceases to be magnetic, the 
" keeper," a, being no longer attracted, moves upward, and 
the other end, ^, of the lever moves downward, taking the 
point, «, from the paper. 

In order to make the marks on the paper of different 
lengths, there is a contrivance for regulating the length of 
time that the current shall pass through the coiled wire. 
This contrivance, called the signcU key^ is represented in 

Fig. 351. N and P are two strips 
of brass connected with the two 
wires R and M, of which M comes 
from the battery. The end of the 
strip N is raised a little above the 
' end of P. So Ions: as they do not 

Fig. 351. ,,..". , 

touch, the circuit is not complete, 
and no electricity passes. But if the operator press N 
down upon P, the circuit is established, and the electricity 
passes to the station with which he is in communication, 
»nd there acts upon the apparatus seen in Fig. 350. Now, 
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the longer the finger presses down N upon P, the longer 
will be the mark on the paper at the distant station. An 
operator then at New York, for example, controls by this 
key the length of the marks made on the paper in New 
Haven or any other place with which he is communicating. 
You can readily see how a telegraphic alphabet can be 
constructed by combinations of marks of different lengths 
representing different letters and numerals. Below is the 
alphabet used in connection with Morse's telegraph: 



A - — 


N — - 




B 


O - - 


Mamerali. 


-- - 


P 


1 


D 


Q 


2 


E - 


R - -- 


3 


P 


S --- 


4 


a 


T — 


6 


^mL *«■<■* 


U 


6 


I -- 


V 


7 


J 


W 


8 


K 


X 


9 


L 


T .- -- 





M 


z 





282. Invention of the Telegraph. — Great as is the credit which 
should be awarded to our coantryman Morse, he was by no means the first 
inventor of a telegraph. There was one invented and pat in successful 
operation more than a century ago (in 1747) in London by Dr. J. Watson. 
It was over two miles long, and the earth was used for the return current. 
Frictional electricity was, of course, employed, as galvanism was not dis- 
covered till about half a century after. How Dr. Watson contrived to 
make the electricity communicate any information is not stated by Profess- 
or Silliman, from whose work on Natural Philosophy the facts here given 
are taken. The year following the construction of Watson's telegraph 
Franklin set fire to spirits of wine by electricity sent across the River 
Schuylkill on a wire, using, like Dr. Watson, the earth to complete the cir- 
cuit. He made, however, no attempt to apply electricity to telegraphing. 
In 1774, Le Sage, a Frenchman, constructed a telegraph at Geneva, in 
which he used twenty-four wires enclosed in glass tubes, which were buried 
in the earth, each wire answering to some letter in the alphabet. From 
this time there were various trials made at telegraphing, but only partial 
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METRIC SYSTEM OF WEIGHTS AND MEASURES. 

The metric system of weights and measures is based 
upon an arbitrary unit called the metre. The simplicity of 
the system, its uniformity, decimal notation, and expressive 
nomenclature, besides the fact that its units of length, vol- 
ume, and weight are mutually related upon scientific prin- 
ciples, render it peculiarly serviceable in all experiments, 
calculations, and writings of a scientific character. 

The immense number of arbitrary weights and measures, 
totally devoid of uniformity, which existed in the various 
countries of Europe had long been felt as exceedingly in- 
convenient, laborious, injurious to international commerce, 
•and as '* inexhaustible fountains of diversity, confusion, and 
fraud." France, feeling the great evil, took advantage of 
the revolutionary spirit which prevailed at the close of the 
last century, and set herself vigorously to work to over- 
come it. 

The proposition for the creation of a metric system orig- 
inated in 1790 with Prince Talleyrand, who introduced 
into the National Assembly of France a decree providing 
for a commission to select a unit of measure and to build 
up a complete system. Talleyrand had favored the adop- 
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tioD for a liaear nntt of the length of a pendiiUim beating 
BccondB ill latitude 45°; but, for reasons upon which we 
cannot dwell, the committee of the Academy of Sciences 
decided in favor of deriving the unit of length from some 
one of the natural dimeneiona of the earth, and recommend- 
ed as the standard unit of linear measure one ten millionth 
of the quadrant of a meridian. 

Delambre and Mechain, two distinguished astronomers, 
were charged with the measurement of an arc of the merid- 
ian paitsing through Paris and extending from Dunkirk to 
Barcelona— aa operation of immense labor, which occupied 
seven yeare. 
From the length of this base line, which was determined 
with the greatest possible accura- 
cy, that of the distance from the 
equator to the pole was calculated, 
and the ten millionth part of this 
was taken as the standard unit of 
length: this length, equal to three 
feet three inches and three eighths 
nearly, was called a metre from the 
Greek metr<m — "a measure," A 
bar of platinum representing this length was constructed 
as a standard and deposited in the Palace of the Archives 
in Paris, 

From this standard the measures of surface, capacity, 
and weight are derived on principles explained below. 
The metric system was declared legal in France in 1799, 
and was made obligatory in 1840. Since then it has been 
adopted by most of the countries of Europe, and is in par- 
tial use by every nation of Christendom. 

Units of the Metric System. — The measures of surface, 
capacity, and weight are connected with the unit of length, 
the metre, by very simple relations. 
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The unit of length, called metre, is one ten-millionth of the quadrant of 

a terrestrial meridian. 

The unit of surface, called are, is equal to a square whose side is ten 

metres, and is consequently one hun- 
dred square metres. 

The unit of volume, called litre, is the volume of a cube whose edge 

is one tenth of a metre, and is con- 
sequently one thousand cubic centi- 
metres. 

The unit of capacity, called stere, is a cubic metre. 

The unit of weight, called gramme, is the weight of a cubic centimetre (one 

thousandth part of a litre) oMistilled 
water at 4° C. 

The subdivisions and multiples of these measures are 
decimal, and are indicated by Latin prefixes for the former 
and Greek prefixes for the latter. Thus twelve words suf- 
fice to express the units, multiples, and fractions of the 
whole metric system. These are: 

(1) Metre, from the Greek metron, signifying a measure. 



s 



«8 

•2- 



v> 

ft, 






(2) Litre, 

(3) Gramme, 

(4) Are, 

(5) Stere, 

(6) Milli, 

(7) Centi, 

(8) Deci, 

(9) Deka, 

(10) Hecto, 

(11) Kilo, 
(12)Myria, 



<( 

(( 
it 
(( 
(( 
(( 






litra, 
gramma, 
Latin area, 
Greek stereos, 
Latin mille, 
centum, 
decetn, 
Greek deka, 

hekaton, 

chilios, 

myrias. 












pound. 

small weight. 

surface. 

solid, 
one thousand, 
one hundred, 
ten. 
ten. 

one hundred, 
one thousand, 
ten thousand. 



Most of these words are already in use in the English 
language: thus metre occurs in thermometer, metrology, 
etc. ; litre in litrameter ; gramme in telegram, etc. ; are in 
area; stere in stereoscope; milli in millennium and mill; 
ce72ti in century and cent; deci in decimal; deica in decade; 
hecto in hecatomb ; myria in myriad. 

S2 
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The manner in which these terms are applied is shown 
in the following table, which comprises the whole metric 
system; 

Metric System ofWeights and Measures^ 

Monet. 
10 mills make one cent. 
10 cents *' '* dime. 
10 dimes " " dollar. 
10 dollars *' " eagle. 

Length. 
10 millimetres make one centimetre. 



10 centimetres 
10 decimetres 
10 metres 
10 dekametres 
10 hectometres 
10 kilometres 



'* decimetre. 
" metre. 
" dekametre. 
*' hectometre. 
'* kilometre, 
myriametre. 



(i 



Weight. 
10 milligrammes make one centigramme. 

10 centigrammes '' '* -decigramme. 

10 decigrammes '* " gramme. 

10 grammes '' '* dekagramme. 

10 dekagrammes " " hectogramme. 

10 hectogrammes *' *' kilogramme. 

Capacity. 
10 millilitres make one centilitre. 
10 centilitres " ** decilitre. 
lOdeciUtres ** " litre. 
10 litres " " dekalitre. 

10 dekalitres " *' hectolitre. 

The SQUABE and cubic mbasubes are simply the squares 
and cubes of the measures of length. The square deka- 
metre having received the name are, and the cubic metre 
the name stere^ as before stated ; the stere, however, is not 
in common use, its place being taken by the litre. 
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The following diagram ^^^ explains itself: 



Each side of this square measures 



1 Decimetre, or ^3 

10 Centimetres, or 

100 Millimetres, or 

8.937 English inches. 



A litre is a cnhic measure of 1 decimetre in the side, or a cube 
each side of which has the dimensions of this figure. 

When full of water at i? C. a litre weighs exactly 1 hilogramme, 
or 1000 grammes, and is equivalent to 1000 cubic centimetres, or 
to 61.024 cubic inches, English. 



A gramme is the weight of a centimetre cube of distilled water ; 
at 4° C. it weighs 15.432 grains. -|-« 



1 B<}. 

Centim- 
etre. 

10 



finches. 



Comparison of English and Metric Measures. — ^The metre 
corresponds to the English yard, and approximates to three 
feet three inches and three eighths of an inch. Five metres 
are nearly one rod. The kilometre, which is used for meas- 
uring distances as we use the English mile, is a little less 

* From "Introduction to the Study of Inorganic Chemistry," by William 
Allen Miller, M.D. 
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than 200 rods, or f of a mile. The litre is a little more 
than a wine quart. The kilogramme is the unit by which 
articles sold by weight are measured, and is about 2-^ 
pounds. The five -cent nickel coin of the United States 
Mint weighs 5 grammes, and is 20 millimetres in diameter. 
It is often desirable to know the exact value of the units, 
as given below : 

1 Metre = 39.37079 inches. 

i Kilometre = 0.62138 miles. 

I Are = 119.Q0332 square yai-ds. 

1 Hectare = 2.47114 acres. 

1 Litre = 0.26418635 gallons, or 

1 " = 1.0567454 quarts. 

1 Gramme = 15.43234874 grains. 

1 Kilogramme = 2. 20462125 lbs. avoirdupois. 

The following diagram shows the relations of the English 
and metric measures of length : 



4t Izicliee. 



8 



One X)eoizxietre. 



lO Cexitizxietres. 



8 



10 



lOO ^fillixzietres. 



III! III! mill!! III! nil nil III! III! 



The following tables give the metric measures legalized 
in the United States, with the abbreviations and their 
equivalents now in use : 
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Measures of Length. 



Metric Denominations. 


Abbrevia- 
tions. 


Values. 


Eqaivalents Legalized by 
Congress in Denomina- 
tions now in Use. 


Mvriametre 


Mm. 
Km. 

Hm. 
Dm. 

m. 
dm. 

cm. 
mm. 


10,000 m. 
1,000 m. 

100 m. 

10 m. 

1 m. 

.1 m. 

.01 m. 

.001 m. 


6.2137 miles. 

0.62137 " 
or, 3280 ft. 10 in. 
328 ft. 1 in. 
393.7 '* 
39.37 " 
3.937 ** 
0.3937 " 
0.03937 ** 


Kilometre 


Hectometre 


Dekam.etre 


Metre 


Decimetre 


Centimetre 


Millimetre 





Measures op Surface. 



Metric Denominations. 


Abbrevia- 
tions. 


Valnes. 


Equivalents Legalized by 

Congress in Denomiua- 

tions now in Use. 


Hectare 


Ha. 
a. 
ca. 


10,000 sq. m. 

100 sq. m. 

1 sq. m. 


2.471 acres. 
119.6 sq. yards. 
1550 sq. inches. 


Are 


Centare 





Measures op Capacity. 



Metric Names. 


Abbrevia- 
tions. 


No. of 
Litres. 


Dry Measnre. 


Liqnid or Wine 
Measure. 


Kilolitre, or Stere. 
Hectolitre 


KL, St. 
HL 
Dl. 

1. 

dl.. 

cl. 
ml. 


1000 
100 
10 
1 
.1 
.01 
.001 


1.308 cu. yds. 
2 bu. 3.35 pks. 
9.08 qts. 
0.098 qt. 
6.1022 cu. in. 
0.6102 " " 
0.061 " " 


264.17 gals. 
26.417 " 
2.6417 " 
1.0567 qts. 
0.845 gill. 
0.338 fld.oz. 
0.27 fld. dr. 


Dekalitre 


Xiitre 


Decilitre 


Centilitre 


Millilitre 





Weights. 



Metric Denominations and Values. 


Weight of what 
Quantity of Wa- 
ter at Maximum. 


Equivalent in 

Denominations 

now in Use. 

Ayoirdnpois W'ght. 


Names. 


Abbrevia- 
tions. 


No. of 
Grammes. 


Millier,or Tonneau. 
Quintal 


M.,orT. 

Q. 

Mg. 
Kg. 
Hg. 

g- 
dg. 
eg. 
mg. 


1,000,000 
100,000 
10,000 
1,000 
100 
10 
1 
.1 
.01 
.001 


1 cu. metre. 

1 hectolitre. 
10 litres. 

1 litre. 

1 decilitre. 
10 cu. centim. 

■t 4( (( 
.1 " " 

10 cu. millim. 

1 (( (4 


2204.6 lbs. 
220.46 " 

22.046 ** 
2.2046 " 
3.5274 oz. 
0.3527 " 

15.432 grs. 
1.5432 " 
0.1543 " 
0.0154 ** 


Myriagramme 

Kilogi-amme,or Kilo. 

Hectogramme 

Dekagramme 

Gramme 


Decigramme 

Centigramme 

Milligramme 



INDEX. 



CThe onmbers refer to the pages.] 



A. 



Absolate and relative motion, 100. 

Accelerated force illostrated, 106. 

Accelerated motion, 98. 

Aconstics defined, 235. 

Actinism, 347. 

Activity of electricity, 367. 

Adhesion, 67. 

Adhesion, cohesion, and gravitation 

compared, 76. 
Advantages in the nse of machinery, 

155. 
Aeriform substances, expansion in, 

264. 
Air a non-conductor of heat, 287. 
Air as a non-conductor in walls of 

houses, 288. ' 

Air attracted by the earth, 209. 
Air, compressibility of, 210. 
Air, currents in, caused by heat, 265. 
Air, density of, dependent upon press- 
ure, 217. 
Air, elasticity of, 219. 
Air-guns, 221. 
Air in pores of bodies, 219. 
Air, liquefaction of, 220. 
Air material and has weight, 208. 
Air, pressure of, and boiling-point 

of liquids, 226. 
Air, pressure of, on liquids, 221. 
Air-pump, description of the, 213. 
Air-pump, experiments with the, 

214. 



Air, thickness of the, 210. 

Air, weight of, 209. 

Alum, crystalline form of, 63. 

Amalgamation of zinc, 380. 

Amber, properties of, 351. 

Amorphous bodies, 66. 

Aneroid barometer, 225. 

Animal, man a tool-making, 157. 

Animals, specific gravity of, 184. 

Annealing, 44. 

Anvil trick explained, 110. 

Apparatus for electiical experiments, 

351. 
Archimedes and the crown, 1 88. 
Archimedes's discovery of specific 

gravity, 184. 
Archimedes's lever, 138. 
Archimedes*s screw, 204. 
Are, value of the, 418. 
Aristotle's definition of man, 157. 
Artesian wells, 167. 
Atmosphere, moisture in, 271. 
Atmosphere, pressure of the, 212. 
Atmosphere, thickness of the, 210. 
Atmospheric pressure, amount of, 

223. 
Atoms, 25. 

Atoms, weight of hydrogen, 26. 
Attraction an effect of electricity, 

353. 
Attraction, capillary, 72 . 
Attraction, chemical, 78. 
Attraction, names given to difierent 

modes of, 52. 
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Attraction of the earth exeited on 
liqoids, 172. 

Attraction, opposition between the 
modes of, 73. 

Attraction, proportion of the mutual 
motions of, 53. 

Attraction towards the earth's cen- 
tre, 54. 

Attraction, yarietjr in the results of, 
78. 

B. 

Balance, example of lever, 135. 

Balloons, 265. 

Balloon, hydrostatic, 218. 

Barker's Mill, 207. 

Barometer, aneroid, 225. 

Barometer described, 223. 

Barometer, use of, in measuring 

heights, 225. 
Battery, Bnnsen's galvanic, 385. 
Battery, Daniell's galvanic, 384. 
Battery, electrical, 370. 
Battery, galvanic, 883. 
Battery, Grove's galvanic, 385. . 
Bellows, hydrostatic, 178. 
Bends in rivers, 124. 
Boats and life-boats, 184. 
Bodies, unstable, 87. 
Bodies, why they fall in air, 210, 
Boiling-point, air's pressure and the, 

226. 
Boiling-points of liquids, 276. 
Bore, meaning of, 201. 
Bramah's hydrostatic press, 179. 
Brewery vats, 171. 
Bridge of nails, 407. 
Brittleness, 43. 
Bud of plants in winter, 291. 
Bullets, cohesion of, 59. 
Bunsen's galvanic battery, 385. 

C. 

Camera lucida, 332. 
Camera obscura, 331. 



Canals, locks of, 163. 

Capacity for heat, 300. 

Capillaiy attraction, 72. 

Capstan, 144. 

Case in court illustrating inertia, 
120. 

Cask, bursting of, by a column of 
water, 176. 

Centigrade thermometer, 263. 

Centre of gravity and attitudes, 90. 

Centre of gravity, determination of, 
81. 

Centre of gravity illustrated, 79. 

Centre of gravity in floating bodies, 
91. 

Centre of gravity, location of, in hol- 
low bodies, 82. 

Centre of gravity, motions of, in 
walking, 89. 

Centre of gravity seeks the lowest 
point, 82. 

Centre of gravity, support of, in ani- 
mals, 88. 

Centrifugal force, 121. 

Centrifugal force, application of, in 
the arts, 124. 

Centrifugal force and shape of the 
• earth, 127. 

Centripetal force, 121. 

Chemical action a source of heat, 
255. 

Chemical attraction, 78. 

Chemical effects of galvanism, 390. 

Chimneys, draught of, 266. 

Circle, compound voltaic, 383. 

Circle, simple voltaic, 379. 

Clepsydra, 198. 

Clothing, 290. 

Clouds and latent heat, 302. 

Clouds, formation of, 271. 

Clouds, shapes of, 272. 

Cocoons, 291. 

Cohesion, 58. 

Cohesion in liquids, 59. 

Cold produced by evaporation, 303. 
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Colors, elementary names of, 342. 
Colors in dew-drops and ice-crystals, 

345. 
Colors of objects, 342. 
Communication of motion in elastic 

bodies, 131. 
Compass, points of the, 401. 
Compound motion, 100. 
Compressibility, 41. 
Conduction of heat, 282. 
Conductors and non-conductors of 

heat, 283. 
Conductors of electricity, 358. 
Convection, illustrated, 261. 
Convection of heat, 281. 
Count Rumford's discoveries, 253. 
Course of bodies thrown into the air, 

112. 
Crown of cups, 382. 
Crystallization, 63. 
Cup of Tantalus, 230. 
Cylindrical electrical machine, 364. 

D. 

Dams and sluice-gates, 170. 

Daniell's galvanic battery, 384. 

Davy, Sir Humphry, experiment of, 
388. 

Davy's safety-lamp, 284. 

Dawn and twilight, 324. 

Decomposition of water by galvan- 
ism, 392. 

Density, 40. 

Density, relation of, to conduction, 
286.' 

Dew, formation of, 295. 

Dew-point, 296. 

Dinmagnetism, 405. 

Diatonic scale, 248. 

Digester, 277. 

Dip of magnetic needle, 402. 

Discharging rod, 369. 

Diving-bell, 31. 

Divisibility of matter, 35. 

Doable rainbow, formation of, 345* 



Double windows, uses of, 288. 
Drops, globular shape of, (iO. 
Drops, size of, influenced by gravita- 
tion, 74. 
Drowning, avoidable causes of, 185. 
Ductility, 48. 

E. 

Earth a gi-eat magnet, 403. 
Earth a magnetizer, 404. 
Earth a source of heat, 255. 
Earth and the atmosphere, 113. 
Earth, shape of, influenced by cen- 
trifugal force, 127. 
Earth, spherical form of, 62. 
Ear-trumpet, 244. 
Echoes, cause of, 242. 
Effects of liquid pressure, 176. 
Elasticity, 42. 
Elasticity of the air, 219. 
Electric telegraph, 408. 
Electrical battery, 370. 
Electrical induction, 361. 
Electrical machine, experiments with, 

365. 
Electrical machine, operation of, 363. 
Electricity, activity of, 357. 
Electricity always on the surface, 

359. 
Electricity, applications of, 412. 
Electricity, characteristics of voltaic, 

386. 
Electricity discharged from points, 

366. 
Electricity, distribution of, 360. 
Electricity, dynamical, 378. 
Electricity, eflects of, 351. 
Electricity, frictional and voltaic, 

compared, 386. 
Electricity, heat produced by, 371. 
Electricity, light of, 370. 
Electricity, mechanical effects of, 371. 
Electricity, positive and negative, 

356. 
Electricity, thepries of, 355. 
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Electricity, Toltaic, 878. 

Electrics and non-electrics, 859. 

Electrified bodies, 352. 

Electrolysis, 392. 

Electro-magnetism, 405. 

Electro-metallurgy, 393. 

Electrometer, 363. 

Electro-positive and electro-negatiye, 
381. 

Electroscope, 362. 

Electrotyping, 393. 

Emission theory of light, 812. 

English and metric measures com- 
pared, 419. 

Equestrian feats explained, 120, 123. 

Evaporation, 270. 

Expansibility, 41. 

Expansion, different rates of, 260. 

Expansion in aeriform bodies, 264. 

Expansion of solids by heat, 258. 

Experiments illustrating centre of 
gravity, 85. 

Extension, 29. 

Eye, description of the, 332. 

Eyes, near-sighted and iar-sighted, 
335. 

F. 

Fahrenheit's thermometer, 262. 

Fall of bodies in vacuo, 109. 

Falling bodies really projected, 116. 

Faraday's experiment, 360. 

Figure, 29. 

Fire-engine, action of, 232. 

Fishes, shape of, 203. 

Flame and wire gauze, 285. 

Flexibility, 43. 

Fluids, elastic and non-elastic, 19. 

Fluids, lateral pressure in, 171. 

Force, accelerated, 106. 

Force, centrifugal and centripetal, 

121. 
Force, centrifugal, and shape of the 

earth, 127. 
Force defined, 94. 



Force, illustrations of centrifugal, 

122. 
Force-pump, 219. 
Force, retarded, 110. 
Force, relation of, to velocity, 105. 
Forcing-pumps, 232. 
Franklin's discoveiy — lightning, 372. 
Franklin's theory of electricity, 355. 
Fi-eezing in the midst of boiling, 303. 
Freezing mixtures, 302. 
Freezing of water explained, 306. 
Friction, advantage taken of, 154. 
Friction an obstacle to motion, 153. 
Friction a source of heat, 256. 
Friction, expedients for diminishing, 

154. 
Friction in streams, 199. 
Friction of liquids in pipes, 199. 
Frog, experiments in galvanism with, 

376. 
Frost and snow, 64. 
Fulcrum defined, 134. 
Fur, hair, and feathers, 289. 
Fusee of watches, 144. 

G. 

Galileo and the pendulum, 151. 
Galvani's discovery, 375. 
Galvanism and the decomposition of 

water, 391. 
Galvanism, burning of metals by, 

388. 
Galvanism, characteristics of, 886. 
Galvanism, chemical effects of, 390. 
Galvanism, discovery of, 375. 
Galvanism, heating effects of. 387. 
Galvanism, physiological efiects of, 

395. 
Galvanism, polarity in, 380. 
Galvanism produces light, 389. 
Galvanism, ways of producing, 382. 
Gamut, musical, 248. 
Ganges, bore in, 201. 
Ganges, course of, 1 62. 
Garnet, crystalline form of, 64. 
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Gases and liquids, similarity between, 
211. 

Gases, characteristics of, 20. 

Gases, compressibility of, 41. 

Gases, relation of bulk to the resist- 
ance of, 202. 

Gases, specific gravity of, 194. 

Gauze, wire, and flame, 285. 

Geneva, Lake of, 163. 

Gideon's Fleece, 296. 

Gilding and silver-plating, 394. 

Glass, annealing of, 44. 

Glass-blowing, 125. 

Glass, elasticity of, 43. 

Glass, tempered, 45. 

Gold, divisibility of, 36. 

Gold, malleability of, 48. 

Gramme, weight of the, 419. 

Gravitation, 52. 

Gravity, action of, on solids in a liq- 
uid, 182. 

Gravity a uniformly accelerating 
force, 108. 

Gravity, centre of, 79. 

Gravity, specific, 181. 

Grove's galvanic battery, 885. 

H. 

Hail, snow, and rain, 275. 

Hardness, 45. 

Hardness, scale of, 46. 

Harmony, 247. 

Heat and cold relative terms, '252. 

Heat and light, analogy between, 

314. 
Heat, capacity for, 300. 
Heat, communication of, 281. 
Heat, conduction of, and sensation, 

292. 
Heat, degree of, endurable by man, 

305. 
Heat, latent, 297. 
Heat, latent, illustrated, 299. 
Heat, light, and chemical rays, 346. 
Heat, nature of, 253. 



Heat produced by electricity, 371. 

Heat, radiation of, 293. 

Heat, recent theoiy of latent, 298. 

Heat, reflection of, 294. 

Heat, relation of, to forms of matter, 
21. 

Heat, sources of, 254. 

Heat, water an exception to expan- 
sion by, 307. 

Heavenly bodies, spherical form of, 
62. 

Helix, description of a, 406. 

Historical sketch of the telegraph, 
411. 

Honey-combs and centrifugal force, 
126. 

Horizontal projectile, path of, 114. 

Horseshoe magnets, 401. 

Human bodies, specific gravity of, 
185. 

Human voice, 247. 

Huyghens's theory of light, 313. 

Hydraulics, definition of, 196. 

Hydrometer, use of, 192. 

Hydrostatic Jballoon, 218. 

Hydrostatic bellows, 178. 

Hydrostatic paradox, 178. 

Hydrostatic press, 179. 

Hydrostatics, objects of, 159. 

I. 

Ice, force of expansion in, 808. 

Ice, formation of, 305. 

Icebergs and centre of gravity, 92. 

Illustrations of compound motion, 
101. 

Illustrations of the third law of mo- 
tion, 130. 

Images in the eye inverted, 335. 

Impenetrability, 30. 

Inclined plane, 147. 

Indestructibility, 82. 

Induction, electrical, 361. 

Induction, magnetism by, 398. 

Inertia, 33. 
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Inertia, experiments in, 84. 

Inertia shown in the communication 

of motion, 118. 
Inertia shown in the disposition of 

motion to continue, 119. 
Insulating stool, 365. 
Insulators, 358. 
Intermitting springs, 230. 

J. 
Jar, the Lejden, 367, 

K. 

Kaleidoscope explained, 321. 
Knives, chisels, etc., wedges in prin- 
ciple, 148. 

L. 

La Bastie glass, 45. 

Lactometer, use of, 193. 

Land breezes, 267. 

Lantern, magic, 330. 

Latent heat, 297. 

Latent heat, relation of, to density, 

301. 
Lateral pressure of liquids, 172. 
Laws of motion, Newton's, 117. 
Lenses described, 328. 
Lever, no power gained by, 137. 
Lever of the first kind, 134. 
Lever of the second kind, 139. 
Levers, compound, 142. 
Lewis, description of a, 167. 
Leyden-jar, constraction of, 367. 
Leyden-jar, discharge of, 369. 
Life- boats, 184. 
Light, analogy with sound and heat, 

346. 
Light, course of, through a prism, 

339. 
Light, decomposition of, 338. 
Light, dispersion of, 340. 
Light, intensity of, 316. 
. Light, nature of, 312. 
Light of electricity, 370. 



Light, production of, by galvanism, 
389. 

Light, radiation of, 316. 

Light, recomposition of, 340. 

Light, reflection of, 319. 

Light, refraction of, 323. 

Light, sources of, 314. 

Light, velocity of, 318. 

Lightning identical with electricity, 
372. 

Lightning-rods, 373. 

Liquefaction, 270. 

Liquid, globular shape of drops of, 
60. 

Liquid pressure at great depths, 1 70. 

Liqaid pressure equal in all direc- 
tions, 173. 

Liquid pressure, illustrations of, 175. 

Liquids, action of gravity on solids 

. in, 182. 

Liquids, characteristics of, 20. 

Liquids, cohesion in, 59. 

Liquids, compressibility of, 41. 

Liquids, conduction in, 287. 

Liquids, expansion of, 260. 

Liquids, experiments showing up- 
ward pressure in, 175. 

Liquids, flow of, 196. 

Liquids, flow of through tubes, 198. 

Liquids, friction of, in pipes, 199. 

Liquids, how to determine specific 
gravity of, 191. 

Liquids, influence of shape on resist- 
ance of, 203. 

Liquids, level sarface of, 159. 

Liquids, mobility of, 60. 

Liquids, pressure of, 168. 

Liquids, pressure of air on, 221. 

Liquids, relation of bulk to the re- 
sistance of, 202. 

Liquids, rise of, in tubes, 70. 

Liquids, spherical form in different, 
61. 

Liquids, surface of, not horizontal, 
160. 
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Liquids, tendency of, to eqailibriam, 

164. 
Litre, value of the, 417. 
Loadstone, 397. 
Locks of canals, 163. 
Loggan stones, 83. 

M. 

Machine, electrical, 363. 

Machinery, real advantages of, 155. 

Machinery, repairing of, by heating, 
258. 

Machines for raising water, 204. 

Machines not sources of power, 133. 

Magdeburg hemispheres, 215. 

Magic lantern, 330. 

Magnet, polarity of the, 398. 

Magnet, the earth a great, 403. 

Magnetic curves, 400. 

Magnetic needle, 401. 

Magnetism by induction, 398. 

Magnetism, theory of, 404. 

Magnetization by the earth, 404. 

Magnets, artificial, 400. 

Magnets, horseshoe, 401. 

Magnets, natural, 397. 

Malleability, 48. 

Man a tool-making animal, 157. 

Marriotte's law, 220. 

Matter acted upon by forces, 26. 

Matter attracts matter, 51. 

Matter, compressibility of, 41. 

Matter, constitution of, 23. 

Matter, divisibility of, 35. 

Matter, effect of, on the senses, 18. 

Matter, expansibility of, 41 . 

Matter, forms of, 19. 

Matter, inertia of, 33. 

Matter, in motion, 94. 

Matter, motion, and force, 93. 

Matter, porosity of, 39. 

Matter, properties of, 28. 

Matter, nature of, 22. 

Matter, nsefulness of variety in prop- 
erties of, 49. 



Measnres and weights, metric system 
of, 415. 

Mechanical action a source of heat, 
256. 

Mercury, non-adhesion of, 68. 

Mercury shower, 216. 

Metals, burning of, by electricity, 388. 

Metals, order of oxidability of, 386. 

Metre, determination of length of 
the, 416. 

Metric system of weights and meas- 
ures, 415. 

Microscope and divisibility of matter, 
37. 

Microscopes and telescopes, 329. 

Mirages explained, 325. 

Mirrors, curved, 322. 

Mirrors, reflection in, 320. 

Mohammed's coffin realized, 407. 

Molecules, 24. 

Molecules, cohesion between like, 59. 

Momentum defined, 103. 

Momentum estimated, 104. 

Momentum illustrated, 105. 

Morse's credit as inventor of the tel- 
egraph, 412. 

Morse's telegraphic alphabet, 411. 

Morse's telegraphic machine, 409. 

Motion, absolute and relative, 100. 

Motimi, accelerated, retarded, varia- 
ble, 98. 

Motion and rest relative terms, 99. 

Motion, attempt at perpetual, 166. 

Motion, causes of, 95. 

Motion, communication of, in elastic 
bodies, 131. 

Motion, compound, 100. 

Motion defined, 94. 

Motion, friction an obstacle to, 153. 

Motion, heat a mode of, 253. 

Motion in orbits, 117. 

Motion, Newton's laws of, 117. 

Motion, perpetual, 129. 

Motion, second law of, 129. 

Motion, third law of, 129. 
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Motion, uoiformity of, 128. 
Motion, univei-sal, 95. 
Motion, varieties of, 96. 
Mtuiical notes and noises, 245. 
Mosical notes, qaality of, 246. 

N. 

Natural philosophy, definition of, 18. 
Needle, declination and dip of the, 

402. 
Needle, magnetic, 401. 
Negative and positive electricity, 356. 
New Haven, mirage visible at, 326. 
Newton's laws of motion, 117. 
Newton's recomposition of white 

light, 341. 
Nutcrackers examples of lever, 140. 

O. 

Oersted's discovery in magnetism, 

406. 
Opaque and transparent bodies, 315. 
Order in nature, 65. 
Otto von Guericke, 216, 364. 
Overshot water-wheel, 206. 

P. 

Papin's digester, 277. 

Parabolic curve of projectiles, 113. 

Paradox, hydrostatic, 178. 

Path of projectiles, 113. 

Pendulum, description of, 151. 

Pendulum, gridiron, 260. 

Pendulum, operation of, 152. 

Pendulum, vibrations of, 152. 

Perpetual motion, attempted, 166. 

Photometers, 318. 

Physiological effects of galvanism, 

395. 
Pile, Volta's electric, 377. 
Pisa, pendulum in cathedral of, 152. 
Piston of steam-engine, motion of, 

279. 
Plant-buds in winter, 291. 
Plants protected by snow, 291. 



Platform scales, 142. 

Pneumatic trough, description of, 
222. 

Pneumatics, objects of, 208. 

Polarity in galvanism, 380. 

Polarity of the magnet, 398. 

Pop-guns, 221. 

Porosity, 39. 

Positive and negative electricity, 356. 

Press, hydrostatic, 179. 

Pressure in fluids, lateral, 171. 

Pressure in liquids, equal in all di- 
rections, 173. 

Pressure of liquids, 168. 

Prince Rupert's Drops, 45. 

Prism, glass, 339. 

Projectiles, path of, 113. 

Properties of matter classified, 29. 

Pulleys, complex arrangements of, 
146. 

Pulleys, fixed and movable, 145. 

Pumps, forcing, 232. 

Pumps, operation of, 231. 

Pyramids, Egyptian, constrj^ction of, 
148. 

Q. 

Quality of musical sonnds, 246. 
Quartz, crystalline form of, 64. 

R. 

Radiation of heat, 294. 
Radiometer, Crookes's, 348. 
Rain, snow, and hail, 275. 
Rainbow, circular, 346. 
Rainbow, explanation of the forma- 
tion of, 343. 
Rainbows, when seen, 344. 
Rarity, 40. 
Rays, chemical, 347. 
Rays of heat, light, and actinism, 346. 
Reaumur's thermometer, 263. 
Recomposition of light, 340. 
Reflection of heat, 294. * 
Reflection of light, 319. 
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Reflection of soand, 242. 

Eefraction of light, 323. 

Eepalsion an effect of electricity, 
353. 

Resistance of liqoids to solids, 202. 

Retarded force, 110. 

Retarded motion, 98. 

Richman, death of Professor, from 
lightning stroke, 372. 

Rivers, flow of, 161. 

Rivers, how some have been made, 
162. 

Roemer's determination of the veloci- 
ty of light, 319. 

Rope-dancing and centre of gravity, 



91. 



S. 



Safety-lamp, Davy's, 284. 

Salt, crystalline form of, 63. 

Scale of temperature, 309. 

Scales and centre of gravity, 81. 

Scales of difibrent thermometers, 
264. 

Science definition of, 17. 

Science, subdivisions of, 18. 

Scissors example of levers, 137. 

Screw, Archimedes's, 204. 

Screw, a simple machine, 149. 

Screw-presses, 160. 

Screws, estimation of power of, 149. 

Sea breezes, 268. 

Seesaw, example of lever, 138. 

Shadows, formation of, 316. 

Sheathing of vessels, 380. 

Ships lost by changing centre of grav- 
ity, 92. 

Shot, manufacture of, 62. 

Silver-plating, 394. 

Simple machines, 133. 

Siphon, construction of, 227. 

Siphon, uses of, 229. 

Sluice-gates and dams, 170. 

Smee's battery, 393. 

Snow a protection to plants, 291. 



Snow, crystalline forms of, 65. 

Snow, rain, and hail, 275. 

Solid bodies, size of, limited by gravi- 
tation, 75. 

Solids and liquids, adhesion of, 68. 

Solids, characteiistics of, 19. 

Solids, expansion of, 257. 

Solution, 21, 32. 

Sonorous bodies, vibrations of, 235. 

Sound and hearing, mysteries of, 
249. 

Sound caused by the resistance of 
the air, 239. 

Sound, concentration of, 244. 

Sound, definition of, 235. 

Sound, how the sensation is pro- 
duced, 237. 

Sound, intensity of, 245. 

Sound, loudness of, 241. 

Sound, measurement of distances by, 
240. 

Sound not transmitted in vacuo, 238. 

Sound, reflection of, 241. 

Sound transmitted through various 
substances, 238. 

Sound, velocity of, 239. 

Sounds, musical, 245. 

Spaces, filling of, by liquids and gas- 
es, 21. 

Speaking-trumpet, 244. 

Specific gravity, nature of, 181. 

Specific gravity of gases, 194. 

Specific gravity of liquids, deteimina- 
tion of, 191. 

Specific gravity of solids, how to de- 
tei-mine, 187. 

Specific gravity, tables of, 194. 

Specific properties of matter, 29. 

Spectrum, solar, 339. 

Spirit-level, description of, 161. 

Springs, intermitting, 230. 

Springs and wells, 167. 

Stability of bodies, 86. 

Steam-engine, operation of, 278. 

Steam-governor, 126. 
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Steam, relative volume of water and, 

40. 
Steel, flexible and brittle, 44. 
Steelyards examples of levers, 136. 
Stere, value of the, 418. 
Stereoscope, 336. 

Stractare of animals and levers, 141. 
Sucker, operation of, 216. 
Suez, Isthmus of, canal through the, 

164. 
Sugar-refining and centrifugal force, 

126. 
Sulzer's observations, 375. 
Sun a source of heat, 254. 

T. 

Table for comparing Fahrenheit and 

Centigrade thermometers, 264. 
Table of compamtive velocities, 97. 
Table of high and low temperatures, 

310. 
Table of metric measures, 421. 
Table of the metric system of weights 

and measures, 418. 
Table showing comparative tdnacity 

of materials, 47. 
Table showing scale of hardness, 46. 
Tables of specific gravity, 194. 
Tantalus, cup of, 230. 
Tenacity, 47. 

Tenacity, applications of, 48. 
Telegraph, electric, 408. 
Telegraph, invention of the, 411. 
Telegraphing by Morse's machine, 

410. 
Thaumatrope, 337. 
Thermometer, Fahrenheit's, 262. 
Thermometers, 261. 
Thermometric scales, 263. 
Tides, cause of, 201. 
Time, measurement of, 151. 
Toggle-joint a simple machine, 160. 
Tongs examples of lever, 141. 
Tools, advantages of, 156. 
Torricellian vacuum, 224. 



Tower of Pisa, 87. 

Toys illustrating centre of gravity, 

83. 
Tubes, flow of liquids through, 198. 
Turbine water-wheel, 206. 

U. 

Undershot water-wheel, 205. 
Undulatory theoiy of light, 313. 
Uniform motion and clocks, 98. 
Unison in music, 249. 
Units of the metric system, 416. 
Universal properties of matter, 29. 
Unstable bodies, 87. 
Up and down, terms explained, 65. 
Upward pressure in liquids as the 
depth, 174. 

V. 

Vacuum, 223. 

Vacuum, sound not transmitted 

through a, 238. 
Vaporization, 276. 
Velocitv, comparative, of bodies, etc., 

96. 
Velocity of light, 318. 
Vessels, sheathing of, 380. 
Vibrations of sonorous bodies, 236. 
Vision, distinct, 334. 
Vision, single, 336. 
Visual angle, 327. 
Voice, human, 247. 
Voltaic circle, 378. 
Volta's crown of cups, 382. 
Volta's pile, 377. 

W. 

Walls of a building straightened by 
heating bars, 259. 

Water and ice, relative density of, 
306. 

Water-clocks, 198. 

Water, decomposition of, by galvan- 
ism, 391. 

Water frozen by evaporation, 304. 
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Water-hammer, 109. 
Water-wheels, 205. 
Wave-motion explained, 813. 
Waves, formation of, 200. 
Waves, height of, 200. 
Wedge, power and use of, 148. 
Weighing air, 209. 
Weight defined, 56. 
Weight variable, 57. 
Weight varies with distance, 57. 
Weights and measures, metric sys- 
tem of, 415. 



Welding-iron, 49. 

Wells, artesian, and springs, 167. 

Wheel and axle, 143. 

Whispering-galleries, 243. 

Windlass, 143. 

Winds, 267. 

Winds aflected by rotation of the 

earth, 209. 
WoUnston's wire, 48. 

Z. 

Zinc, amalgamation of, 380. 
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